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NORW\N WALLACE ROKKE 
Under the supervision of Dr. William Wadsworth, Jr. 
It was of interest to investigate the chemistry of some 
tetrazolines since they might be sources of heteroatomic analogues 
of trimethylenemethane. In addition, they might provide alternate 
means of synthesis of small ring compounds such as diaziridinones 
and diaziridineimines. 
New compounds which were prepared are 1-(2,6-dimethylphenyl)­
tetrazoline-5-one, 1-(2,6-dimethylphenyl)-4-methyltetrazoline-5-one, 
l-phenyl-4-methyl-5-iminotetrazoline, l-phenyl-4-methyl-5-
methyliminotetrazoline, and l-phenyl-4-methyl-5-methyliminotetrazoline 
methiodide. 
The mass spectra of the tetrazolines investigated are character­
ized by ring fragmentations which are helpful in determining their 
structure. In addition, fragmentation represents one of the few 
examples of a retro-1,3-dipolar cycloaddition reaction initiated by 
electron impact. 
The monosubstituted tetrazolines are thermally unstable. The 
course of their decomposition varies with the substituent in the 5-
position of the ring. In no case was simple nitrogen elimination 
observed. The 1,4-disubstituted tetrazolines have considerable thermal 
stability which may be the result of their inability to convert to 
ring-opened isomers. 
Salts of l-phenyl-4-methyl-5-iminotetrazolines decompose when 
heated. The products are subst�tuted 5-aminotetrazoles formed by 
rucleophilic attack of the anion of the salt on the ring methyl group. 
Photolysis of l-phenyl-4-methyltetrazoline-5-one gives 1-
methylbenzimidazoline-2-one. There was no evidence of diaziridinone 
formation. The yield of l-methylbenz�idazoline-2-one was increased 
and reaction time was decreased with benzophenone sensitization. 
Photolysis of 1-(2,6-dimethylphenyl)-4-methyltetrazoline-5-one gave 
only polymeric material. Photolysis of di-tert-butyldiaziridinone 
gives ca�bon monoxide, nitrogen, and isobutane. 
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Trimethylenemethane (1) is of considerable theoretical interest. 1 
Simple Huckel molecular orbital calculations predict that it should 




.'-CH 2. . 2 
(1) 
exist as a ground state triplet diradicalo2 The Huckel molecular 




1 L ct+ 1. 723� 
Figure 1. Huckel molecular orbitals 
of trimethylenemethaneo 
of a bonding orbital, two degenerate nonbonding orbitals, and an anti­
bonding orbital. The four electrons are placed in these orbitals 
according to the Aufbau principle and Hund's rule. In the ground 
state the degenerate nonbonding orbitals each contain one electron and 
the spins of the two unpaired electrons are parallel. As a result the 
ground state is a triplet diradical. 
When 4-methylene-t/-pyrazoline (2)3 or 3-methylenecyclobutaJ)one 
(3)4 are irradiated in solution at -196°, an esr spectrum consistent 
CH2 
J II 









with a triplet diradical is obtained. Irradiation of a single crystal 
of 3-methylenecyclobutanone (3) produced an esr spectrum in which pro­
ton hyperfine splitting was observed.5 Because two septets were 
obtained, the six hydrogens of trimethylenemethane are equivalent. The 
observed hyperfine splitting was also in good agreement with calculated 
values. 
Derivatives of the tetrazoline ring system could �)e potential 
sources of trimethylenemethane analogs with three of the carbon atoms 
3 
> 
replaced by heteroatorns. Thermal or photochemical decomposition might 
lead to the formation of such diradicals. 
Tetrazoline derivatives might also be sources of small ring 
heterocyclic compounds. Recently the preparation of d�aziridines (4) 
H, /R 
C H3 'N .,...--- C '--W" R' 
'N=� 
(4) 
by photolysis of tetrazolines has been reported.6 A number of 
diaziridinones (5) have been prepared by treatment of N-chloroureas 
0 
II 





Rand R' are tertiary alkyl groups 
with strong base,7,8 by reaction of an alkyl isocyanide with a 
I 
R NO+ R'NC > 









nitr0gen from tetrazoline-5-ones might provide diaziridinones with 





Diaziridineimines (6) have been prepared by reaction of tert­
butyl hypochlorite with guanidines.11, 12 An alternate method of 
NR' 
II 





synthesis might be possible by decomposition of 5-iminotetrazolines. 
> 
The tetrazolines are also worthy of study for very little is 
known about their chemistry. 
5 
HISTORICAL 
The first tetrazole was prepared by the condensation of phenyl­
hydrazine with cyanogen followed by nitrosation.13 Bladin identified 
the condensation product as N-phenyl-N-aminocyanoforrnarnidine (7) and 








Bamberger and DeGruyter14 reinvestigated the work of Bladin and made 
corrections in several of the structural assignments. The correct 
structure of the condensation product was shown to be cyanoformirnidic 
acid phenylhydrazide (9). This structure was supported by an alternate 
synthesis from phenylhydxazine and cyanothioformamide (10). The 
nitrosation product of cyanoformirnidic acid phenylhydrazide (9) is 
therefore 2-phenyl-5-cyanotetrazole ( 1 1 ). Since these early studies, 
the tetrazoles have received extensive study. 15, 16 
7 
In contrast to the tetrazoles, the tetrazolines (Figure 2) �ave 







Figure 2. The tetrazoline ring systems. 
tetrazoline ring systems. Of these the 1,4 tetrazolines are the most 
common. Tetrazoline-5-ones (12), tetrazoline-5-thiones (13) and 










l-Phenyltetrazoline-5-one (15) was the first monosubstituted 
tetrazoline-5-one prepared. Freund and Hempel17 obtained the compound 
by heating potassium l-phenyltetrazole-5-sulfonate with concentrated 









tautomeric l-phenyl-5-hydroxytetrazole (16) . Dimroth and MontmollinlB 
(16) 
prepared l -phenyltetrazoline-5-one (15) by reaction of diethyl 




@-.W . ....-C, W H 
\ I N=N 
(15) 
workers also believed the product was l-phenyl-5-hydroxytetrazole (16) . 
Decomposition of potassium l-phenyltetrazole-5-sulfonate with alkali 
also produces l-phenyltetrazoline-5-one (15) 19 as d�es the reaction of 
10 
2N KOH > 
(15) 
phenylcarbamoyl azide with aluminum azide in refluxing tetrahydro­







�f phenyl isocyanate with sodium azide and aluminum chloride in re­
fluxing tetrahydrofuran provides a convenient synthesis of 
@NCO+ Na N3 +AI C 13 
THF 
reflux 
l-phenyltetrazoline-5-one (15). l-phenyltetrazoline-5-one (15) has 
also been prepared by basic hydrolysis of l-phenyl-5-methyl­
thiotetrazoie.22 
2N NaOH > reflux 
(15) 
Several l-(substitutedphenyl)tetrazoline-5-ones have been 
prepared by reaction of aryl isocyanates with sodium azide and 
X 0 
11 




aluminum chloride. 21 Reduction of l-(p-nitrophenyl) tetrazoline-5-one 
gives l-(p-aminophenyl) tetrazoline-5-one (18) . 21 
12 
1-(£-Carboxyphenyl)-tetrazoline-5-one (19)23 and l-(E-carboxyphe�yl)­









oxidation of the corresponding l-tolyltetrazoline-5-thiones. Alkaline 




Very few alkyl monosubstituted tetrazoline-5-ones have been 
reported. l-Methyltetrazoline-5-one (21) has been prepared by 
�03K+ 
CH3'N_,......c�N 




C �---N:C l'J--H 
N=N 
(21) 








by methylation of 5-hydroxytetrazole with diazomethane or dimethyl 
II 
13 
THF c �--w-----c 'w H 
_r_e _f_l-ux-->-# \ _ I N==N 
(21) 
sulfate, 25 and by reaction of methyl isocyanate with sodium azide and 
aluminum chloride.21 Reaction of ethyl S,S,-dimethylacrylate (22) with 
aluminum azide gives 1- (2-methylpropenyl)tetrazoline-5-one (23).26 
305280 SOUTH DAKOTA STATE U IVE SITY LIB ARY 
·14 
CH3,c--C H3 O 
THF 





1,4-Disubstitutedtetrazoline-5-ones can be prepared by alkylation 
of monosubstitutedtetrazoline-5-ones. Alkylation of l-phenyltetra­
zoline-5-one (15) with 2-vinylpyridine gives l-phenyl-4-(2-
pyridylethyl)tetrazoline-5-one (24).27 Rapp and Howard28 obtained 
0 �0 CH � II lY,�q 2 l8J-. ✓ c ,N .. H N c H > \ I Glacial Acetic N=N Acid 












.. II 0 
> EtOCCH ,
<
c':N .. cHi:oEt 
N = N 
(25) 
15 
5-hydroxytetrazole with ethyl bromoacetate. 1,4-Dimethyltetrazo!ine-









A number of 1,4-disubstitutedtetrazoline-5-ones have been 
prepared by hydrolysis of other tetrazolines.29, 30, 31,32,33 
(QlN_.,.....
!
......__N...-CH3 . , I 
N==N 
�CH3 







oH- c H3--N_.,..... c,N .... CH3 --�> \ I N=N 
➔ 









Claisen rearrangement of l-phenyl-5-alkenoxytetrazoles gives 
l-phenyl-4-alkenyltetrazoline-5-ones (27).34 Other rearrangements 
100 °-
1500 
1 hr. > 
(27) 
also produce l,4-disubstitutedtetrazoline-5-ones. 35,36 




X = H or N02 
R = methyl or benzyl 
R = methyl 
Cycloaddition reactions of isocyanates with azides also produce 
1,4-disubstitutedtetrazoline-5-ones. Methyl isocyanate reacts with 
azido metal complexes to give l,4-disubstitutedtetrazoline-5-ones. 37 
Ph ::: phenyl M = Pd,Pt 
17 
1- (1,3-Pentadienyl)-4-sorboyltetrazoline-5-one (28) is obtained by 
reaction of sorboyl chloride (29) with trimethylsilyl azide (30) • 3
8 
If 






CH� H =C H C H =CH C, N: C�.,,c H=C H C H=C H CH3 
N=N 
(28) 
Sorboyl chloride (29) �nd trimethylsilyl azide (30) react to give 
sorboyl azide (31). Sorboyl azide (31) can undergo Curtius 





rearrangement to give 1,3-pentadienyl isocyanate (32). Sorboyl azide 
(31) and 1,3-pentadienyl isocyanate (32) then react to form the 
19 
II 










product. Alkyl azides react with aryl, acyl, carboalkoxy, and sulfonyl 
isocyanates to give l, 4-disubstitutedtetrazoline-5-ones.39 Aryl azides 
Ar NCO + R N3 > 
R == alkyl 
II 
R'CNCO + R N3 > 
0 
II 
A r ,N",..,. C-......._W R 
\ I 
N==N 




R' SO2, N / C '---w R 
\ I 
N==N 
R = aryl or alkyl, R' = aryl or Cl 
react with sulfonyl isocyanates to give l-aryl-4-sulfonyltetrazoline-
5-ones.39 
1, 4-Dimethyltetrazoline-5-one (26) has been prepared by cycli­
zation of l, 4-dimethyl-1, 4-dimethoxycarbonyl-2-tetrazene (33) in 
refluxing piperidine. 40 
0 0 
II II 





C H3'N.,,,..... c '---wCH3 > \ I N=N 
(26) 
Despite the various ways in which tetrazoline-5-ones have been 
prepared, very little is known about the chemistry of these compounds. 
l-Aryltetrazoline-5-ones are strong acids as evidenced by the fact that 
they dissolve in aqueous carbonate or bicarbonate. 14, 21, 41 Apparent 
acidic dissociation constants of some l-aryltetrazoline-5-ones have 
been measured. 21 
21 
Many l-aryltetrazoline-5-ones melt with decomposition21 but __ 
these reactions have not been investigated. 1,4-Dimethyltetrazoline-
5-one (26) and l-phenyl-4-(g-butyl)tetrazoline-5-one are thermally 
stable to 300�40 and 250 °,39 respectively. In contrast, l-alkyl-
4-sulfonyltetrazoline-5-ones undergo cycloreversion when heat�a.39 
Photochemical elimination of_,nitrogen f:rom 1,4-dimethyltetra­
zoline-5-one (26) has been reported. Photolysis in diethyl ether gives 
an isourea while photolysis in 2-propanol yields sym-dimethylurea (34) 
and pinacol (35).40 
0 
II 
CH3'N.,...--, c "N ... CH3 _h_v -�> 





















l-Phenyltetrazoline-5-thione ( 36) was first prepared by Freund 
and Hempei.17 The reaction of 4-phenylthiosemicarbazide (37) with 
nitrous acid gives ·5-anilino-1, 2, 3,4-thiatriazole (38) . This compound 
is isomerized in hot alkaline solution to l-phenyltetrazoline-5-thione 
( 36) . Oliveri-Mandala and Noto42 obtained l-phenyltetrazoline-5-
thione ( 36) by alkaline isomerization of 5-anilino-1,2,3,4-thiatriazole 













\ I 1. OH-,� N=N 2. H3O + 
( 38) 










2. Ho + 3 
acid. l-Phenyltetrazoline-5-thione (36) can also be prepared by reac­
tion of phenyl isothiocyanate with sodium azide in refluxing ethanoi.43 
Several l-aryltetrazoline-5-thiones have been prepared by reaction of 
@Ncs + Na N
3 
ethanol © N / � '---wH 
_r_e_fl_u_x-->� \ I N=N 
(36) 
24 
aryl isothiocyanates with sodium azide in aqueous solution. 44 Sodium 
azide reacts with methyl N-aryldithiocarbamates in ethanol to give 
ArNCS + Na N3 
l-aryltetrazoline-5-thiones.45 




etha nol > 
A number of l-alkyltetrazoline-5-thiones have been obtained by 
reaction of alkyl isothiocya nates with sodium azide in aqueous 
25 
RNCS + Na N3 reflux > 
s olution.44, 46 Reaction of methyl N-alkyldithiocarbamates with sodium 
azide in ethanol or 95 percent ethanol has also been used to synthesize 




Very few 1,4-disubstitutedtetrazoline-5-thiones ha ve been pre­
pared. l-Aryl-4-methyltetrazoline-5-thiones (38) have been obtained 
by treatment of bis(l-aryl-5-thiotetrazolinyl) methanes with zinc and 
acid.48 The bis(l-aryl-5-thiotetrazolinyl)methanes are prepared by 
1 2  (39) 
reaction of the corresponding l-aryltetra zoline-5-thione with di­
azomethane. l-Phenyl-4-(trisubstitutedstannyl) tetrazoline-5-thiones 
(40 )  ha ve been prepared by reaction of phenyl isothiocyanate with 
> 
(40 )  
organotin azides.49 Methyl isothiocyanate and phenyl isothiocyanate 
both react with diazidobis (triphenylphosphine) palladium (41 ) to give 
l,4-disubstitutedtetrazoline-5-thiones.37 
( Ph3 P)2 Pd ( N3 )2 
(41) 
1-Phenyltetrazoline-5-thione (36)  is thermally unstable. Lieber, 
Pillai, and Hites50 have reported that thermal decomposition of l­
phenyltetrazoline-5-thione (36) gives approximately one mole of nitro­
gen gas per mole of compound decomposed. Sulfur is also a product of 
the decomposition. No organic products of the reaction 11ave been 
reported. I t  has been postulated that isomerization to 5-anilino-
1, 2, 3 , 4-thiatriazole occurs at the melting point and that decomposition 
of  this compound leads to the products.50 
5-Iminotetrazolines 
A number of 1,4-dialkyl-5-iminotetrazolines have been prepared 
by alkylation of l-alkyl-5-aminotetrazoles. The alkylating agents 
used have included alkyl sulfates, 31,41, 51, 52, 53 alkyl benzene­
sulfonates, 31, 53, 54, 55 alkyl toluenesulfonates, 3 1  benzyl 
halides, 52, 54, 56, 57 2-phenylethyl halides, 52, 56, 57 3-phenylpropyl 
halides, 52, 55, 57 and alkyl halides.31, 52 In most cases salts were 
�H2 
R-w,....- C � N + R' X \ . I 
N === N 
> 
isolated rather than the free bases. The l,4-dialkyl-5-
iminotetrazolines which have been obtained as free bases are listed 
(Table 1 ). 
l,4-dimethyl-5-iminotetrazoline (42) has also been prepared by 
oxidation of l, 2-diamino-1, 2-dimethylguanidine (43). 58 The product 
was isolated as the phenylthiourea derivative. 
NH 
I I  
27 
C H3 ._ N 
/ c 
.______wCH3 \ I 
N= N 
(43) (42) 


























































Methylation of l,4-dimethyl-5-iminotetrazoline gives l, 4-
dim�thyl-5-methyliminotetrazoline (44). 51 Similar! y ,  
-NCH3 





l-methyl-4-benzyl-5-methyliminotetrazoline (45) is obtained by 
methylation of l-methyl-4-benzyl-5-iminotetrazoline. 54 Reaction 
(45) 
of l-methyl-5- C,E-toluenesulfonylamino)tetrazole with methyl iodide 
gives l ,4-dimethyl-5- (p-toluenesulfonylimino )tetrazoline (46). 59 
�Ts 








Methylation of l-methyl-5-acetylaminotetrazole with diazomethane � 







l,4-Dimethyl-5-cyaniminotetrazoline (48) has been prepared by 












M:lny of the salts of 5-iminotetrazolines melt with decom­
position . 31,51,52, 53,54,56,60 No investigation of these decom-
positions has been made. None of the reported free bases decompose 
at their melting points. 
30 
PREPARATION AND IDENTIFICATION OF COMPOUNDS 
Preparation and Identification of Tetrazoline-5-ones 
1-Phenyltetrazoline-5-one (15) was prepared by reaction of phenyl 
isocyanate with aluminmn chloride and sodium azide in refluxing 
THF �N /
i
,N,H @-Nco + Na N3 +A I  C 13 -re-fl-ux�> \N == ref 
(15) 
tetrahydrofuran. Some modification of the reported procedure21 was 
necessa:ry . .A large ma ss of insoluble material formed i_n the reaction 
flask when the literature procedure was followed and bumping was a 
serious problem. Bringing the mixture of sodium azide and aluminum 
chloride in tetrahydrofuran to reflux for an hour before the phenyl 
isocyanate wa s added alleviated this difficulty. A granular solid 
wa s  produced and boiling remained gentle even after addition of 
phenyl isocyanate . 
An alternate workup procedure was also employed. The literature 
procedure involved acidification of the cooled reaction mixture and 
removal of the solvent. The product was obtained by extraction of the 
residue with acetone and removal of the acetone . This process wa s  
somewhat time consuming and the resultant product was slightly colored 
a nd required recrystallization and decolorization . 
32 
The alternate procedure which was used has been described by 
Horwitz, Fisher, and Tomasewski21 in the isolation of some l­
(substitutedphenyl)tetrazoline-5-ones. After the cooled reaction 
mixture was acidified and stripped of solvent, the residue was 
treated with dilute sodium hydroxid�. A small amount of insoluble 
material (presumably sym-diphenylurea) was removed by filtration. 
l-Phenyltetrazoline-5-one ( 15) was obtained by acidification of the 
filtrate. The product required no further purification. The melting 
point and ir carbonyl absorption are in agreement with literature 
values. 21 
The preparation of 1- (2 , 6-dimethylphenyl)tetrazoline-5-one (49) 
was more lengthy since the necessary isocyanate wa s  not available. 
The synthesis began with the preparation of ethyl 2,6-dimethyl­
carbanilate (50) from 2, 6-dimethylaniline and ethyl chloroformate. 
�3 � .NHC-O Et 
CH3 
(50) 
The melting point of the product is consistent with that reported for 
ethyl 2, 6-dimethylcarbanilate61 and the ir and nmr spectra are con­
sistent with this structure. 
Treatment of ethyl 2,6-dimethylcarbanilate (50) with phosph9rus 







2 , 247 and 1 , 374 cm-l in the ir spectrum is indicative of  an isocyanate 
group. 62 The nmr spectrtun also supports the structure. 
Reaction of 2 , 6-dimethylphenyl isocyanate (51) with aluminum 
chloride and sodium azide in refluxing tetrahydrofuran gave 1-(2, 6-




used in the preparation of l-phenyltetrazoline-5-one (15) were 
employed. The method of synthesis and acidity of the product support 
the structure. Absorption at 1,710 cm-1 is al?o indicative of a 
tetrazoline-5-one. 21 
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Methylation of l-phenyltetrazoline-5-one was accomplished by the 
use of dimethyl sulfate. An exothermic reaction occured when a mix­
ture of l-phenyltetrazoline-5-one (15) and dimethyl sulfate was heated 








� � CH3S� 
l8,-l N / C '-.�,..H 
. \ I 'CH3 
N = N  
(52) 
cool was presumably l-phenyltetrazoline-5-one methosulfate (52). 
Addition of dilute sodium hydroxide released the l-phenyl-4-
methyltetrazoline-5-one (53)  and also dissolved any unchanged l­
phenyltetrazoline-5-one (15) thereby separating it from the insoluble 
product. 
The melting point of the product i s  in agreement with that 
reported for l-phenyl-4-methyl tetrazoline-5-one (53). 29 Infrared 
35 
absorption at 1 , 720 crn-1 is also indicative of a tetrazoline�5-one.21 
The 4-methyl group gives a resonance at 3 .49&  in the nmr spectrum. 
This compares with a reported value o f  3. 65 o • 36 The compound also 
gives a satisfactory elemental analysis. 
1-(2, 6-Dimethylphenyl )-4-rnethyl_tetrazol ine-5-one ( 54) was ob­
tai ned by rnethylation of 1-(2, 6-dimethylphenyl)tetrazoline-5-one ( 49) 





nmr resonance at 3.54 536 and an ir absorption at 1 , 730 cm-1• 21 The 
aryl methyls resonate at 2. 05 5 . A satisf� ctory elemental analysis was 
obtained. 
l -Phenyl-4-benzyltetrazoline-5-one (55) was prepared by a two 
step synthesis. The sodium salt of l-phenyl tetrazol ine-5-one (56) 
was prepared by reaction of  l-phenyltetrazoline-5-one (15 )  with sodium 
hydride in tetrahydrofuran. Reaction o f  the sodium sal t of l­
phenyltetrazoline-5-one (56) with benzyl chloride was carried out in 





� �\WH NaH 
THF > 
� I I 
l-8)-- N:c �_ Na+ 
N=== N 
(15) 
N === N 
(56) 
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The structure of l-phenyl-4-benzyltetrazoline-5-one (55) is supported 
by ir carbonyl absorption at 1 ,725 cm-1. 21 The benzyl methylene gives 
a resonance at 5. 3 6  in the nmr spectrum. A value of 5 . 150 has been 
reported for the benzyl methylene of l- (p-chlorophenyl)-4-benzyl­
tetrazoline-5-one.36 A satisfactory elemental analysis was 
_obtained. 
Preparation and Identification of Tetrazoline-5-thiones 
l-Phenyltetrazoline-5-thione (36) was prepared by reaction of 
phenyl isothiocyanate and sodium azide in refluxing aqueous solution 
as described by Lieber and Ramachandran. 44 The product was identified 
by its melting point and ir spectrum which a re in agreement with those 
reported in the l iterature . 44 
Prepara tion and Identification of 5-Iminotetrazol ines 
P reparation of the 5- iminotetrazolines began with _ the synthesis 
of l - phenyl -5-aminotetrazol e  (57). Anil ine was treated with cyanogen 
bromide to give phenyl cyanamide. The phenyl cyanamide was not 
isolated but was treated in benzene solution with a solution of hy­




is a modification of a reported prepara tion of l-phenyl-5-amino­
tetrazole63 in which ether rather than benzene was used as a solvent . 
l-Phenyl-4-methyl-5-iminotetrazoline ( 58)  was prepared by 
methylation of l-phenyl-5-aminotetrazole (57 )  with dimethyl sulfate . 
> 
( 57) ( 58) 
When the reaction was performed without solvent, it was necessary to 
ch.romatogra 1--1h the product in order to obtain l-phenyl -4-methyl-5-
iminotetrazoline ( 58) in a pure form . When methylation was carried 
out in benzene solution no ch.romatography was required. 
The ir spectrum of l-phenyl-4-rnethyl-5-iminotetrazoline ( 58 )  
contains absorption at 1, 650 cm-1. The C = N stretching frequency 
of 1,4-dialkyl-5-iminotetrazolines is reported to be at about 1, 658 
cm-1. 55 The 4-methyl group absorbs at 3.446 in the nmr spectrum. This 
agrees favorably with the 3.49 6 absorption of the 4-methyl group of 
l-phenyl-4-methyltetrazoline-5-one ( 53) . Acetylation of l-phenyl-4-
methyl-5-iminotetrazoline ( 58) followed by hydrolysis gives l-phenyl-4-
methyl tetrazoline-5-one ( 53). This confirms the locatLJn of the methyl 
group in the 4-position. 
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l-Phenyl -4-methyl-5-iminotetra zol ine ( 58) g ives a phenyl thiourea 
derivative which melts at  178-180 °. A compound reported by Herbst, 
Roberts, and Harvi1153 to be l -phenyl -5-methylaminotetra zole g ives a 
phenyl thiourea derivative which _ melts at 181-182°. It would a ppear 
that this  compound is actual ly l-phenyl -4-methyl -5-iminotetra zol ine 
(58 ) .  However, s ince these workers did not obta in the c ompound a s  a 
. sol id they did not isola te it in a pure form. 
Dimethylation of l-phenyl-5 -aminotetra zole (57 ) with dimethyl 
sul fate g ives l -phenyl -4-methyl-5-methyliminotetrazo l ine ( 59 ) . The 
crude product wa s purified by formation o f  the hydrochloride sa lt and 
re l ease of  the free base by addition of base. 
NH2 
6 .,,, t :-... l • ( CH3 ) 2so4 �N _,, �N ---�> 
\ / 2 .  NaOH 
N===N 
(57 ) 
2 .  NaOH 
crude 
product 





Absorption at 1,680 cm-1 in the ir spectrum of l -phenyl -4-
methyl_-5-methyl iminotetrazoline (59) characterizes it as a 5-
iminotetraze.l ine . 55 The methyl resonances of l-phenyl-4-methyl -5-
methyl imiriotetrazol ine (59) occur at 2. 65 6  and 3. 465 . The peak at 
3 .466 can be assigned to the ring methyl because the chemical shift 
40 
is nearly the same as the chemical shift of the ring methyl of l ­
phenyl -4-methyl-5-iminotetrazol ine ( 58) ( 3 .446) .  Therefore the peak 
at 2 . 65 6  can be assigned to the methyl group attached to the imino 
nitrogen. This compound could potential ly exist as a pair of geometric 
isomers . The appearance of only one 5-methyl imino peak in the nrnr 
spectrum may indicate that only one of the geometrical isomers was 
isolated o 
l-Phenyl -4 -methyl -5-methyl iminotetrazol ine hydrochloride (60) is 
characterized by absorption at 1, 680 cm- 1 in the ir spectrum . Conley 
l ists the C = N+ stretching vibration as "near 1, 680" . 64 The nmr 
methyl resonances of l -phenyl-4-methyl-5-methyl im inotetrazol ine hydro­
chloride are ass igned as shown in Figure 3. 
Figure 3. Methyl nmr resonances of l -phenyl-4-methyl-
5-methyl iminotetrazol ine hydrochloride (60). 
41 
l-Phenyl-4 -methyl-5-methyliminotetrazoline methiodide (61) was 
obtained by methylation of l-phenyl-4-methyl-5-methyliminotetrazoline 
( 59 ) with methyl iodide . Absorption at 1, 670 and 1, 650 crn-1 is 
> 
(57 )  
indicative o f  the C = N+ group.64 The nmr spectrum o f  l-phenyl-4-
methyl-5-methylirninotetrazoline methiodide (61)  contains two singlets 
in the aliphatic region. The singlet representing one methyl group 
(4.180) is assigned to the ring methyl. The two methyl groups attached 
to the imino nitrogen are therefore responsible for the resonance at 
2.966 .  The equivalence of these two methyl groups is explained by the 
mesomeric nature of the s2lt . The structure shown below is a more 
accurate description of l-phenyl-4-rnethyl-5-rnethyliminotetrazoline 







between carbon and the exocyclic nitrogen, provided the temperature 
is not too low. Room temperature appears to be high enough to allow 
free rotation about this bond causing the two methyl groups to become 
equivalent. A similar argument explains the appearance of the 
iminomethyl of l-phenyl-4-methyl-5-methyliminotetrazoline hydro­
chloride (60) as a single peak. 
DISCUSS ION OF RESULTS 
Mass Spectra of  Tetrazolines 
Very few mass spectral studies of tetrazoles have been reported . 
The compounds which have been studied include 5-aminotetrazole , 65 
methyltetrazoles , 66 5-aryltetrazoles, 67 and 5-phenoxy-1 -
phenyltetrazole. 68 The mass spectrum of a l ,4-dialkyltetrazoline-5-
38 one has been reported , and the mass spectra of  l-phenyltetrazoline-
5 -thione and related compounds have been determined. 69 Loss of 
nitrogen- from the molecular ion of a metal complex containing a 
tetrazoline ring has been observed. 70 
c�,<c� ... C H3 
N=== N 
The mass spectra of l-phenyltetrazoline-5-one ( 15) , l-phenyl-4-
methyltetrazoline-5-one (53) , l-phenyl-4-benzyltetrazoline-5-one (55) , 
1 - (2 , 6-dimethylphenyl) tetrazoline-5-one (49) , and 1- (2, 6-
dimethylphenyl) -4-methyltetrazoline-5-one (54) are shown in Figures 4 ,  
5 ,  6 ,  7 , and 8 ,  respectively .  For each o f  these compounds a molecular 
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N =N 
( 55 ) 
252 
Figure 6 .  Ma ss spectrum of l -phenyl -4-benzyltetra zoline-5-one (55 ) . 
� 
U1 
Figure 7 .  
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Mass spectrum of l- (2t 6-dimethylphenyl) ­
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Mass spectrum of 1- (2, 6-dimethylphenyl)-





In each spectrum the base peak can be explained by a frag­
mentation of the molecular ion as shown in Figure 9 .  However, a 
0 +· 
I I  
A r' W'.,,.c WR 
I 
N== N 
Figure 9. Mass spectral fragmentation of l­
aryltetrazoline-5-ones. 
fragmentation of the molecular ion as shown in Figure 10 could also 
explain the fonnation of the ions responsible for the base peaks. 
Figure 10. Alternate mass spectral fragmentation 
of l-aryltetrazoline-5-ones. 
47 
Fragmentation as shown in Figure 9 would give the molecular ion of an 
aryl isocyanate while fragmentation as shown in Figure 10 would give 
the molecular ion of an aryl azide . The data in Table 2 indicate 
that fragmentation as shown in Figure 9 is responsible for the base 
peaks. 
Table 2. Comparison of mass spectral peaks of some tetrazoline-5-
ones with those of phenyl isocyanate and phenyl a zide. ·· 
48 
m/e 91 m/e 119 
Compound Relative Relative 
Intensity Intensity 
(15)  72 100 
(53) 50 100 
( 55 )  37 100 
phenyl i socyanate7 1  74 100 
phenyl azide72 100 36 
The only reported mass spectrum of a tetrazoline-5-one is that of 
1 -(1, 3-pentadienyl)-4-sorboyltetrazoline-5-one (28).38 Ring frag­
mentation of  the molecular ion could give two different isocyanate 
molecular ions. Peaks at the corresponding m/e values are observed 
but the intensities are rather small. 
o t'  
II +· 
C H3C H= C HC H=C HC NCO 




+ ·  
C H3C H=C HC H =CHNCO 
m/e 109 22% relative 
intensity 
The predominance of fragmentation as shown in Figure 9 is the 
result of the ability of the aryl group to delocalize the positive 
charge and thereby stabilize the fragment ion. Such fragmentation 
should be prominent in the mass spectra of other tetrazoline-5-ones 
which have ring substituents which stabilize positive charges. It 
appears that when the ring substituents are not able to stabilize the 
positive charge this fragmentation is less prominent but still ob­
servable. 
In  the compounds studied the base peaks lose carbon monoxide to 
give peaks at n✓e 91 or m/e 119  depending on the aryl group. 
A r N C O  
- co 
+ ·  
A r N  
The mass spectrum of l-phenyltetrazoline-5-thione (36) in Figure 





N===N C - (36) 




Figure 11 . Mass spectrum of l-phenyltetrazoline-5-thione (36). 
peak is caused by -fragmentation as shown in Figure 12 . The presence 
Figure 12. Mass spectral fragmentation of l-phenyltetrazoline-
5-thione. 
51 
of sulfur in the fragment is indicated by an F + 2 peak (m/e 137) __ which 
is 5 percent of F (m/e 135). The base peak loses carbon monosulfide 
to give a fragment at m/e 91. 
@-NcS - CS ➔ 
The mass spectrum of l-phenyl-5-aminotetrazole (57) is shown in 
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F igure 13. Mass spectrum of l-phenyl-5-aminotetrazole (57) . 
52 
of the molecular ion of tautomeric l-phenyl-5-iminotetrazoline as 
shown in Figure 14. The small intensity of this peak indicates that 
Figure 14. Mass spectral fragmentation of l-phenyl-5-
iminotetrazoline. 
l-phenyl-5-aminotetrazole (57) is the predominant tautomer. 
The mass spectra of l-phenyl-4-methyl-5-iminotetrazoline (58) 
and l-phenyl-4-methyl-5-methyliminotetrazoline (59) are shown in 












Mlss spectrum of l-phenyl-4-methyl-5-imino­
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N == N 
(59) 
Figure 16. Mass spectrum of l-phenyl-4-methyl-5-
methyliminotetrazoline (59). 
compounds. The ba se peaks at m/e 118 and m/e 132, respectively, are 
the result of ring cleavage as shown in Figure 17. The base peaks 
NR'+ ·  
I I  
Figure 17. Mass spectral fragmentation of l-phenyl-5-imino­
tetrazolines. 
fragment by loss of R' CN to give peaks at m/e 91. 
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The ring fragmentation leading to the base peaks in the 
tetrazolines studied give added support to the structure of these 
compounds . In addition, this fragmentation is s ignificant because 
it represents a retro-1 , 3-dipolar cycloaddition induced by el ectron 
impact. Very few electron impact induced reactions of this type 
54 
have been reported.73 , 74 , 75 1 , 3-Di polar cycloaddition of  azides with 
isocyanates37, 3s , 39 and isothiocyanates37 , 49 has been reported and 
thermally caused retro-1 , 3-dipolar cycl oaddition o f  l-al kyl-4-
sulfonyltetrazoline-5-ones has been observed.39 
Pyrolysis of Tetrazol ine-5-ones 
l-Phenyltetrazoline-5-one (15 )  melts with decompos ition . A sample 
in a mel ting point capillary was heated at slightly above the mel ting 
point for several minutes. The melting point of the cooled product was 
226-228°. A sample of l-phenyltetrazoline-5-one (1 5) wa s heated to 
200° in the s olid probe of the mass  s pectrometer. A mas s s pectrum con­
taining a peak at m/e 253 was obtained . No  peaks at higher m/e values 
(up to m/e 300) were observed. When a sample of l-phenyltetrazoline-
5-one (15 )  was heated in a test tube at 200° for several minutes , gas 
evolution was observed. Isolation of the product gave starting ma­
terial . The infrared spectrum was the s ame as that o f  the starting 
material except for some broadening of  the carbonyl band.  The mass 
spec trum was identical wi--1..h that of  the starting material . Based on 
the melting point and mass spectral data the decompos ition product may 
be 2,3-diphenylbicarbamimide (62). A melting point of 226° has been 
(62) 
reported for 2,3-diphenylbicarbamimide (62).76 
Forma_tion of 2,3-diphenylbicarbamimide ( 62) would require two 
molecules of l-phenyltetrazoline-5-one (15). Loss of hydrazoic acid 
from one molecule and loss of nitrogen from the other would explain 
the formation of 2,3-diphenylbicarbamimide (62). Direct loss of hy­




( 15 )  
55 
to the loss of sulfonyl azides from l-alkyl-4-sulfonyltetrazoline-5-
ones.39  An alterna te way in which hydrazoic acid might be lost is by 
isomerization to phenylcarbamoyl azide (63) which is known to lose 
hydrazoic acid to give phenyl isocyanate.77 
. 0 
©LN/� '--wH 





Phenyl isocyanate should react with undecomposed l­
phenyltetrazoline-5-one (15). Loss of nitrogen during or after this 
reaction followed by ring closure would give 2,3-diphenylbicarbamimide 
(62). 
l 








- - ( 62) 
In contrast to l-phenyltetrazoline-5-one (15) , l-phenyl-4-
methyltetrazoline-5-one (53) is thermally stable at least to 21 5° . 
other 1 �4-disubstitutedtet�azoline-5-ones exhibit similar thermal 
stability. 39,40 A possible explanation for the thermal stability of 
57 
58 
1,4-disubstitutedtetrazoline-5-ones is their inability to isomerize to 
a carbamoyl azide. 
< 
Pyrolysis of l-Phenyltetrazoline-5-thione 
Pyrolysis of l-phenyltetrazoline-5-thione ( 36) has been reported 
to give nitrogen gas and sulfur. Another product wa s  isolated but not 
identified. 50 In our hands , pyrolysis of l-phenyltetrazoline-5-thione 
(36) gave a yellow product . The weight loss corresponded to that 
which would be expected for loss of nitrogen gas. No means were found 
to isola te the product which Lieber , Pillai , and Hites did not 
identify. The mass spectrum of the pyrolysis product indicated the 
presence of sulfur with peaks at m/e 256, 192, 160 , 128 , 96, and 64. 
59 
The peaks at m/e 118 , 92, and 91 would be consistent with the presence 
of phenyl cyanamide ( 64 ). No evidence of dimer (m/ e 236 ) or trimer 
(m/e 354) -was observed. 
(64) 
The decomposition of l-phenyltetrazoline-5-thione (36) may be 
explained by rearrangement to 4-H-5-phenylimino-1,2,3,4-thiatriazoline 
(65) followed by loss of nitrogen and sulfur. Rearrangement to 
4-H-5-phenylimino-1,2,3,4-thiatriazoline (65) could occur by way of 
phenylthiocarbarnoyl azide. 
s ©l I I  w••"' C,,W H 
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60 
Los s  of  nitrogen and sulfur from 4-H-5-phenylimino-1 , 2 , 3 , 4-
thiatriazoline (65) to give phenylcarbodiimide c ould be expected 
since 4-alkyl-5-sulfonylimino -1, 2, 3 ,4-thiatriazolines  decompose to 
give sulfonyl carbodiimides . 78 Phenylcarbodiimide is a tautomer of 
phenyl cyanamide . 
R-N=C=N-S02 Ar  
Thermal :Sehav io of 5-Iminotetrazolines 
61 
l-Phenyl -5-aminotetrazole (57), the tautomeric form of l-phenyl-
4-H-5-iminotetrazoline (66), is thermally u nstable . However, rear­
rangement to 5-anilinotetrazole (67 ) occurs rather than decomposi­
tion.79 The isomerization is believed to proceed by way of the guanyl 
azide . 5-Anilinotetrazole (67) is formed since it is more stable than 











Table 3. Heats of combustion of some substituted 5-aminotetrazoles. 
Compound 
l-phenyl-5-aminotetrazole ( 57) 
5-anilinotetrazole (67) 
He (kcal./mole)80 
. -971 . 78 ±. 0 . 40 
-.970 . 37 ±. 0 . 02 
62 
63 
l -Phenyl-4-methyl-5-iminotetrazol ine ( 58 )  appears to be thermal l y  
stable. Heating a sample in the solid probe of the mass spectrometer 
did not change the mass spectrum which was obtained. The thermal 
s tability of l-phenyl -4-methyl-5-iminotetrazo line (58 ) may be the 
resul t of its inability to rearrange to a guanyl azide. 
Pyrolysis of 5-I minotetra zoline S alts 
Pyrol ysis of l-phenyl -4-methyl -5-iminotetrazoline hydrochloride 
(60) gives l -methyl-5-anilinotetrazole (68).  The structure of the 
➔ 
H ,I\J ,© 




product was established by comparison of  its ir and mass spectra with 
those of  an authentic sample of l-methyl -5-anilinotetrazole (68). See 
Figures 18,  19, 20 and 21. 
Figure 18. Infrared spectrum of pyrolysis product of l-phenyl-4-
methyl-5-methyliminotetrazoline hydrochloride ( 60) . 
FIIEQUENCY (CM·'> 
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Figure 20 . ft.tlss spectrum of pyrolysis product of l-phenyl-4-












Figure 21 . Mass spectrum of l-methyl-5-anilinotetrazole (68) . 
65 
, 
Preparation of the authentic sample was accomplished by the 
literature method.79 l-Phenyl-3-methylthiourea (69) was prepared by 
reaction of methyl amine with phenyl isothiocyanate. l-Phenyl-3-
methylthiourea ( 69) was methylated with methyl iodide to give 1, 2-
dimethyl-3-phenyl-2-thiopseudour·ea hydroiodide (70 ) .  l-Methyl-2-
phenyl-3-aminoguanidinium iodide (71) was obtained by reaction with 
9'j percent hydrazine. Treatment of l-methyl-2-phenyl-3-
aminoguanidinium chloride (72) with nitrous acid followed by basifi­










Thermal isomerization of l-phenyl-5-methylaminotetrazole (73) 
gave l-methyl-5-anilinotetrazole (68). 
. ;-; ,:;, , . �-��© 
67 
N� c ...____ w C H3 
\ I 
N= N 
(73)  (68) 
The fact that l-phenyl-5-methylaminotetrazole (73) rearranges to 
give l-methyl-5-anilinotetrazole (67) when heated gives a hint about 
the mechanism of the pyrolysis of 1-phenyl-4-methyl-5-
methyl iminotetazoline hydrochloride (60). l-Phenyl-5-
methylaminotetrazole (67) could be formed by nucleophilic attack of 
chloride ion at the ring methyl of l-phenyl-4-methyl-5-
methyliminotetrazoline hydrochloride (60). The observed product would 
be l-methyl-5-anilinotetrazole (67) since the pyrolysis takes place 
at a temperature above that necessary to isomerize l-phenyl-5-
methylaminotetrazole (73) to l-methyl-5-anilinotetrazole (67). 
Attempts to observe the mass spectrum of l-phenyl-5-
methylaminotetrazole (73)  when l-phenyl-4-methyl-5-
methyliminotetrazoline hydrochloride (60) was pyrolyzed in the 
mass spectrometer were unsuccessful. Only the spectrum of l­
methyl-5-anilinotetrazol e (67 ) was obtained. 
68 
Further study of the mechanism was accomplished by the investi­
gation of the pyrolysis of l-phenyl-4-methyl-5-methyliminotetrazoline 
methiodide (61) . Nucleophilic attack of iodide ion on the ring 
(61) 
methyl would give l-phenyl-5-dimethylaminotetrazole (74) . Because 
(74 ) 
this compound lacks a mobile hydrogen , it should not rearrange when 
heated. 
l-Phenyl-5-dimethylaminotetrazole (74) was obtained when 
l-phenyl-4-methyl-5-methyliminotetrazoline methiodide (61) was 
pyrolyzed. The structure of the pyrolysis product was established 
by comparison of its ir and mass_ spectra with those of an authentic 
sample of l-phenyl-5-dimethylaminotetrazole (74) . See Figures 
22, 23 , 24 and 25. 
The authentic sample of l-phenyl-5-dimethylaminotetrazole (74) 
was prepared by the literature method.79 1,1-Dimethyl-3-
phenylthiourea (75) was obtained by reaction of phenyl isothiocy­
anate and dimethyl amine. Reaction with methyl iodide gave 
1, 1,2-trimethyl-3-phenyl-2-thiopseudourea hydroiodide (76). 1,1-
Dimethyl-2-phenyl-3-aminoguanidinium iodide (77) was prepared by 
reaction with 95 percent hydrazine. Conversion of the iodide to 
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Infrared spectrum of pyrolysis product of l-phenyl-4-
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Figure 24. Mass spectrum of pyrolysis product of l-phenyl-4-
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1 .  H0N0 > 
2. Na2co3 
The thermal decomposition of 5-iminotetra zoline salts closely 
resembles the thermal decomposition of iminoester salts 
known a s  the Pinner Fission.81 It has been showp that pyrolysis of 
> I I  R-C 
'NH2 
+ R'X 
an iminoester salt involves inversion of configuration of the carbon 
a tom attacked by the anion. 82 It is probable that inversion of con-
figuration also occurs in the thermal decomposition of 5-
iminotetrazoline salts although further study of the reaction would 
be necessary to establish the stereochemistry of the decomposition. 
Loss of met.hy] from the 5-imino nitrogen ,a s not observed. 
73 
Exclusive attack at the ring methyl can be explained by consideration 
of the bas icities of the two possible products. The model compounds 
1 ,4-dimethyl-5-iminotetrazoline (42) and l-phenyl -5-aminotetrazole 
(57) should give an  indication of what these basicities might be. 
(42) (57) 
Pl<i, = 5.32 p� = 12. 88 
The pKb• s  for these compounds are 5 . 32
53 and 12. 88, 83 respectively. 
This indicates that the l-phenyl-5-substitutedaminotetrazoles should 
be very wea k bases while the l-phenyl -5-iminotetrazolines should be 
rather strong bases. Being weak bases , the l-phenyl-5-
substitutedaminotetrazoles should be better l eaving groups than the 
1-phenyl-5-iminotetrazolines. Therefore , attack at the ring methyl 
should be preferred. 
Photolysis of Tetrazoline-5-ones 
Irradia tion of l-phenyl-4-methyltetrazoline-5-one (53) in 
2-propa nol for 39 hours gave a 29 . 5  percent yield of l ­
methylbenzimidazoline-2-one (78) . The structure of the product 









nmr spectrum. The ir spectrum , mass spectrum, melting po i nt, and 
melting point of the acetyl derivative also support the structure of 
the product. The only other product of the reaction was a gummy 
brown substance wh ich was not identi f ied. 
Benzophenone sens itized photolys is of l-phenyl-4-
methyltetrazoline-5-one (53 ) gave a 59 percent yield of l­
methylbenzimidazol ine-2-one (78 ) . The reaction time was reduced 
from 39 hours to 13 hours . 
Formation of l -methylbenzimidazoline-2-one (78 ) could be ex-
plained by the intermediacy of a d iradical spec ies analogous to 
(53 ) 
trimethylenemethane . Photochemical elimination of nitrogen to give . 
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Figure 26. Molecular orbital correlation diagram for photochemical 
elimination of nitrogen from a tetrazoline-5-one . 
77 
the resonance structures of such a diradical would have an unpaired 
electron at the ortho position of the benzene ring .  Ring closure of 
this diradical would give a tautomer of the final product. 
l-Methylbenzimidazoline-2-one (78) could be formed by a suprafac ial 
[ 1,3] hydrogen shift. Such a process is photochemically allowed.84 
> 
The diradical intermediate could be either singlet or triplet. 
A singlet diradical could undergo ring closure directly while spin 
inversion or bond rotation w ould have to preceed ring closure if the 
diradical were a triplet. The results of the sensitized photolysis 
suggest that a triplet is involved. 
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The photolysis of l-phenyl-4-rnethyltetrazoline-5-one (51) differs 
from that of 1 -4-dimethyltetrazoline-5-one (26) 40 in that no evidence 
of solvent incorporation in the product was found . This may be the 
result of the stabilizing effect. of the phenyl group on the diradical . 
A more stable diradical would have a longer lifetime and could be more 
selective in its reactions . A longer lifetime would also allavv time 
for spin inversion or bond rotation to occur so that ring closure 
could be accomplished. 
No evidence for the formation of a d iaziridinone was found in the 
photolysis of l-phenyl-4-methyltetrazoline-5-one (53) . It was thought 
that a diaziridinone might be formed if benzimidazoline-2-0fle formation 
wa s prevented by substituents in the ortho positions of the benzene 
ring . 1- ( 2, 6-Dimethylphenyl) -4-methyltetrazoline-5-one (54) , ,as syn­
thesized and photolyzed in order to investigate this possibility . No 
identifiable product was vbtained from the photolysis. 
I I  
C 




Photolysis of azoisobutane in the gas phase gives nitrogen and 
tert-butyl radicals. BB Simila r results should be obtained in 
solution. The tert-butyl radicals are likely to abstract hydrogen 
t -Bu-f\J=f\J -t - Bu - -
from 2-propanol which is a good hydrogen donor. Pinacol could then 
be formed by combination of two 2-hydroxy-2-propyl radicals. 
> 
> 
H O O H  I I 
H C- C- C-C H 
3 I I 3 
H3C C H3 
81 
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The photolysis of di-tert-butyldiaziridinone (79) indicates that 
it is hot likely that diaziridinones could be isolated as products of 
photolysis of tetrazo line-5-ones if the full spectrum of the light 
source is employed. However, if the tetrazoline-5-one could be photo ­
lyzed by a wavelength of light not absorbed by the expected diaziri­
dinone, it should be possible to obtain the diaziridinone if fonned . 
CONCLUSIONS 
Characteristic ring fragmentations observed in the mass spectra 
of the tetrazolines investigated should be helpful in structure 
. determination of compounds of this type. In addition, fragmentation 
represents one of the few examples of a retro-1, 3-dipolar cyclo­
addition reaction initiated by electron impact. 
The monosubstituted ·tetrazolines are thermally unstable. The 
course of the reaction varies with the substituent in the 5-pos ition 
of the ring. In no case was simple nitrogen elimination observed. 
The 1,4-disubstituted tetrazolines have considerable thermal stability. 
This may be the result of their inability to convert to r ing-opened 
isomers. 
Salts of  l-phenyl-4-methyl-5-iminotetrazolines decompose when 
heated. Nucleophilic attack of the anion of the salt on the ring 
methyl gives methyl halide and a substituted 5-aminotetrazole. 
Photolys is  of l-phenyl-4-methyltetrazoline-5-one (53) gives 
l-methylbenzimidazol ine-2-one (78 ). There was no evidence of 
d iaziridinone formation. The yield of l-methylbenzimidazoline-2-one 
(78) was increased and reaction time was decreased with benzophenone 
sensitizat ion. When the ortho positions of the benzene ring 
were blocked by methyl groups, only polymeric material was obtained 
from the photolysis. Photolysis of tetrazoline-5-ones might provide 
an alternate method of synthesis for benzimidazoline-2-ones and might 
be extended to preparation of 8-oxopurines. 
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Photolysis of di-tert-butyldiaziridinone (79) gives carbon 
monoxide , nitrogen, and isobutane. Thus it is unlikely that a 
diaziridinone could be obtained by photolysis of a tetrazoline-5-one . 
EXPERIMENTAL 
Description of Instruments Used 
The infrared (ir) spectra were obtained on either a Beckman IR-5 
Infrared Spectrophotometer or a Perkin-Elmer 700 Infrared Spectrophoto­
meter either as nujol mulls or as neat samples. Infrared spectra of 
gas samples were obtained on a Perkin-Elmer 521 Grating Spectrophoto­
meter using a gas cell . 
The ultraviolet (uv) spectra were obtained on a Beckman DK-2A 
Spectrophotometer using 1 cm. silica sample cells . 
The nuclear magnetic resonance (nmr) spectra were obtained on a 
60 MHz Varian A-60A Spectrophotometer either as neat samples or as 
solutions in the indicated solvents. Chemical shifts are reported in 
6 units with respect to tetramethylsi.lane which was used as an external 
standard. 
The mass spectra were obtained on a Finnigan 3000 Quadrupole Mass 
Spectrometer using an ionizing potential of 70 eV. All samples were 
introduced by means of the variable temperature solid probe. Peaks 
with relative intensities greater than 10 percent are reported. 
Melting points were taken on a Thomas Hoover Capillary melting 
point apparatus. All temperatures are in degrees centigrade and are 
uncorrected. 
All boiling points are given in degrees centigrade and are 
uncorrected. 
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A Hanovia 450 watt high pressure mercury-vapor lamp was used in 
al l photolyses. The solution being photolyzed was contained in a 
photochemical reaction vessel of 1 ,000 ml. capac-ity. The photolysate 
surrounded a quartz immersion well which contained the mercury-vapor 
lamp. Water circulating in the immersion well kept the lamp from 
overheating. The entire apparatus was contained within a wooden 
enclosure whose inner walls were covered with aluminum foil. The 
enclosure measures 30" x 18" x 12". When the removable front was 
installed , escape of ultraviolet light which can harm the eyes was 
prevented. 
Elemental analyses were performed by Galbraith Laboratories , Inc. 
in Knoxville , Tennessee. 
Description of Chemicals Used 
All chemicals were used without purification as they were received 
from the manufacturers unless stated otherwise. 
Preparation of l-Phenyltetrazoline-5-one (15) 
The procedure used was a modification of that described by 
Horwitz,  Fisher, and Tomasewski. 21 Sodium azide (58.5 g. , 0.90 mole) 
was placed in a 1 ,000 ml. round bottomed flask. Three solutions, each 
containing 14.7 g. (0. 11 mole) of anhydrous aluminum chloride in 100 
ml. of tetrahydrofuran, were added. Following the addition of an 
additional 100 ml. of tetrahydrofuran, the mixture was brought to 
reflux. After 1 hour, the mixture was cooled to room temperature 
and a solution of 35.7 g. (0.30 mole ) of phenyl isocyanate in 200 ml. 
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of tetrahydrofuran was added. The mixture was maintained at re flux for 
24 hours. After the mixture had cooled ,  6N hydrochloric acid (60 ml. ) 
was added and the solvent was removed under vacuum. To the residue was 
added 5 percent sodium hydroxide (600 ml . )  and the mixture was stirred 
for 1 hour. A small amount of insoluble material was removed �y 
filtration. Acidification of the filtrate with 6N hydrochloric acid 
produced  a white sol id ,  which was isol ated by fil tration,  washed with 
water, and air dried . The _ yield of l-phenyltetrazoline-5-one (15) was 
30.0 g .  ( 62%) ;  m. p. 189-190
° dee . ,  lit. m.p. 21 189-1 90
° dee . ;  ir(nuj ol) 
-1 1,705, 1 , 595, 1 , 350, 1, 170, 1 , 150, 1, 060, 750, 730, and 680 cm ; mass 
spectrum 162 ( 6 ) , 119(100) , 91(72) ,  65(1 2 ) ,  64(71) ,  63(33 ) ,  ?2(1 2) ,  
51(28 ) , 5 0(19) , 43(14) , 41 ( 14 ) , 39(31 ) ,  38(33 ) ,  37 ( 18 ) , 27(1 3 ) , and 
15( 10 ) . 
Preparation of  l -Phenyl -4-methyltetrazol ine-5-one (53) 
A mixture of 12.5 g. ( 0. 077 mol e )  of l-phenyltetrazoline-5-one 
( 15) and 9. 7 g. (0.077 mole ) of dimethyl sulfate was heated on a hot 
plate until an exothermic reaction occurred and for 30 minutes there­
after .  A fter the mixture had cooled to  room temperature , 6N sodium 
hydroxide (50 ml. ) was added .  Solid product formed when the mixture 
was cooled in an ice bath. The product was isolated by suction 
filtration and recrystallized from 95 percent ethanol.  A yield of 7 . 0  
g. ( 51%) o f  l -phenyl-4-methyltetrazoline-5-one ( 53 )  was obtained ;  m . p. 
71-72°, lit .  m . p. 29 · 12° ; uv( hexane ) ·"- max 251 nm e = ·  11 , 150, (95% 
e thanol ) "- 248 nm e = 9 , 270; ir( nuj ol)  1 , 720, 1 , 590 , 1 , 495, 1 ,425, max 
l,385, 1,270, 1, 135, 1,045, 800, 760, 725, and 685 cm-1; nmr(cc14) 
3.496 (s, 3H, CH3 ) ,  7 .0-7 . 90 (m, 5H, aromatic H' s ) ; mass spectrum 
176(9) ,  119(100), 91 (50), 77(12), 64(33), 63(16)·, 51(21), 39(16), 
38(12),  and 15(22) . 
Anal. : Calcd . for C8H8N4O :  C, 54,54 ; H, 4 . 58 ;  N, 31 .80 
Found : c,  54 . 34 ;  �, 4 . 61; N, 31.55 
Preparation of l-Phenyl-4-benzyltetrazoline-5-one (55} 
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A mixture of 0 . 20 g .  (0 . 0042 mole) of sodium hydride (50 percent 
in mineral oil) in 20 ml . of tetrahydrofuran was added to 1 . 28 g .  
(0.OO79 mole) of l-phenyltetrazoline-5-one (15) and the mixture was 
stirred for 30 minutes . The solid which had formed was isolated by 
filtration and dissolved in 100 ml . of 90 percent ethanol . This 
solution was added to O . 87 g .  (0 .0069 mole) of benzyl chloride in a 
250 ml. round bottomed flask and the mixture was maintained at reflux 
for 1 hour . After cooling, the solvent was removed under vacuum . The 
residue was treated with 10 ml . of dilute sodium hydroxide . The solid 
product was isolated by suction filtration, washed with water, and 
recrystallized from 95 percent ethanol . The yield of l-phenyl-4-
benzyltetrazoline-5-one (55) was 0 . 90  g .  (85%) ; m .p .  99-100
° ; ir(nujol) 
1,725, 1,600, 1,500, 1,430, 1,380, 1, 360, 1,310, 1, 210, 1, 160 , 1, 130, 
1,100, 1,070, 1,030, 980, 920, 825, 765, 755, 730, 705, and 695 cm-1 ; 
nrnr{CC14) 5 .36 { i, 2H, CH� ), 7 . 2-8 .050 (m, lOH, aromatic H' s) ;  mass 
spectrt.nn 252(11), 119(100 ),  91 (37 ),  and 77 (13) . 
Anal. : Calcd . for c14H1�4O: C, 66 . 66 ;  H, 4 . 79, N, 22 . 21 
Found: C, 66 .46 ;  H, 4 . 56 ;  N, 22 .34 .  
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Preparation of Ethyl 226-Dimethylcarbanilate (50) 
Ethyl chloroformate (54. 25 g. , 0. 50 mole) was added with stirring 
to a mixture of 60 . 5  g. (0 . 50 mole) of 2,6-dimethylaniline in 150 ml. 
of benzene a nd 37. 1  g. (0 . 35 mole) of sodium carbonate in 150 ml. of 
water . The mixture was stirred for -1 hour at room  temperature. The 
layers were separated and the organic layer was washed with three 50 
ml . portions of water. The benzene layer was dried over anhydrous 
magnesium sulfate. Removal of the benzene under vacuum yielded 92 . 0 
g. (95 . 3%) of crude ethyl 2,6-dimethylcarbanilate (50)  as light gray 
crystals. Recrystallization of a sample from 50 percent ethanol gave 
white needles; m. p. 83-85 °, lit. m.p . 61 82-83 °; ir(nuj ol) 3,270, 1,690, 
-1 1,510, 1,305, 1,260, 1,110, 1,080, and 780 cm  ; nmr(CC14) 1 - 16 (t, 3�, 
ethyl CH3, J:::7. 5 Hz), 2. 15 (s, 6H, aromatic CH3), 4. 05 (quartet, 2H, 
�, J=7. 5 Hz) , 6 . 870 (s, 3H, aromatic H' s) .  
Preparation o f  226-Dimethylphenyl Isocyanate (51) 
A mixture of 19. 3 g. (0 . 10 moie) of crude ethyl 2 , 6-
dimethylcarbanilate (50) and 28 . 4  g .  (0. 20 mole) of phosphorus 
pentoxide was heated under reflux on a steam ba th for 10 minutes. 
The mixture was then distilled under reduced pressure yielding 3.9 g. 
of 2,6-dimethylphenyl isocyanate ( 51) boiling at 54° at 0 . 35 mm . ,  lit . 
b. p . 61 87-89° at 12 mm;  ir(neat) 3,012, 2,890 , 2,247, 1,587, 1, 493, 
1,466, 1,449, 1,439, 1,374, 1,295, 1,134, 1,010, 1,030,  984 ,  917, 809, 
766, and 721 cm-1; nmr(neat) 2. 176 (s, 6H, CH3), 6 . 96 (s, 3H, aromatic 
H' s). 
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Preparation of 1- (2 26-Dimethylphenyl)tetrazoline-5-one (49) 
A mixture of 5 . 26 g. (0 .08 1 mole ) of sodium azide and 4. 02 g. 
(0 . 030 mole) of anhydrous aluminum chloride in 50 ml . of tetrahydro­
furan was kept at reflux for 1 hour. After cooling to room temper­
ature, a solution of 3. 9 g. (0.0265 mole) of 2, 6-dimethylpheny.l 
isocyanate ( 51) in 10 ml . of tetrahydrofuran was added. The mixture 
was maintained at reflux for 24 hours. After the mixture had cooled 
to room temperature, 6N hydrochloric acid (6 ml . )  was added and the 
solvent was removed under vacuum . Sodium hydroxide (5%, 60 ml. ) was 
added to the dry residue and the mixture was stirred for 1 hour. A 
small amount of insoluble material was removed by filtration . Acidifi­
ca tion of the filtrate with 6N hydrochloric acid produced a \·:hit2 
solid , which was suction filtered , �ashed with water , and air dried . 
The yield of 1- (2, 6-dimethylphenyl ) tetrazoline-5-one (49) was 4 . 1 g. 
(82%) ; m . p. 146-150 ° dee . ;  ir (nujol) 1, 710 ,  1, 355 ,  1 , 330, 1, 155 , 1,070 , 
1 , 040 , 970, 840, 780, 760, and 745 cm-1 ; mass spectrum 190 (45) , 
161 ( 38 ) ,  149 (13 ) ,  147 (100) ,  146(12 ) ,  132 (29), 120 (11 ) ,  119 (75 ) ,  
118 (58 ) ,  91(35 ) ,  78 (10), 77 (25) ,  65 ( 13 ) , 51 (12) , 45 (22 ) , and 43 ( 10) . 
Preparation of 1-(2,6-Dimethylphenyl) -4-methyltetrazoline-5-one (54) 
A mixture of 3 . 8  g .  (0. 02 mole) of 1- (2, 6-dimethylphenyl) ­
tetrazoline-5-one (49 ) ,  1. 6 g. (0. 029 mole )  of potassium hydroxide, 
and 2 . 84 g .  (0 . 02 mole ) of methyl iodide in 70 ml. of acetone was 
maintained at reflux for 1 hour . The mixture was cooled and the 
solvent was removed under vacuum. The dry residue was trea ted with 
91 
20 ml. of water . The insoluble product wa s isola ted by suction 
filtra tion, washed with water, and a ir dried . Recrystallization from · 
95 percent ethanol gave 2 .75 g. (67%) of 1-(2, 6-dimethylphenyl) -4-
methyl tetrazoline-5-one (54) as colorless solid ; m. p. 102-104 °; 
· uv (2-propanol)  Amax 273 nm e = 971 ;  ir (nujol) 1, 730, 1, 600, 1, 400, 
1,355, 1, 280, 1, 150, 1, 050, 820, 790, and 740 cm-1 ; nmr (cc14) 2.050 
(s, 6H, aromatic CH3 ) ,  3 . 540 (s, 3H, 4-CH3 ) ,  7 . 0-7 . 20 (m, 3H, a romatic 
H' s ) ;  mass spectrum 204 (44) ,  175 (73) , i61 (15) , 148 (10 ) ,  147 (100 ) ,  
132(26) ,  119(85) , 118 (44) , 105 (15), 104 (14 ) ,  93 (10) , 92 (23 ), 91 (35) , 
78 (10) , 77 (28) , 65(15) , and 51 (13 ) . 
Anal . :  Calcd . for c1OH12N40: C, 58 . 81 ;  H, 5 . 92 ;  n, 27 . 43 
Found : C, 58 . 62; H, 5 . 79, N, 27.60 . 
Prepa ration of l-Phenyltetrazoline-5-thione (36) 
The procedure reported by Lieber and Ramachandran44 was used . A 
mixture of 13 . 5  g .  ( 0. 10 mole) of phenyl isothiocyanate and 10 . 25 g .  
(0 . 15 mole) of sodium azide dissolved in 200 ml. of water was main­
tained at  reflux for 1 hour. The solution was cooled to room temper­
a ture and extracted with 50 ml. of diethyl ether . Acidification of 
the aqueous layer produced a white solid, which was isola ted by suction 
filtration, washed with water, and a ir dried . A yield of 16.O g .  
(90%) of l-phenyltetrazoline-5-thione (36) was obtained ; m . p. 149-150 ° 
dee . ,  lit . m . p .44 150, ir (nujol) 1, 590, 1, 490, 1, 360, 1, 350, 1, 320, 
1, 300, 1, 270, 1, 210, 1, 160, 1, 105, 1, 095, 1, 075, 1, 050, 990, 910, 800, 
750, 690 , 680, and 660 cm-1; mass spectrum 178 (85) , 135 (100) ,  118 (24) , 
91 (24 ) ,  77 (71 ) ,  64 (16), 51 (30) , and 36(13 ). 
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Preparation of Hydrazoic Acid Solution 
The procedure used was based upon that reported by Garbrecht and 
Herbst. 89 Concentrated sulfuric acid (50 ml . ,  Q .90 mole) was added 
dropwise with stirring and ice-bath cooling to a mixture of 65 . 0  g. 
· (1 mole) of sodium azide, 60 ml . of water, and 400 ml . of benzene. 
Care wa s  taken to keep the tip of the dropping funnel below the sur­
face of the benzene layer. When addition was complete, the benzene 
solution was decanted from the solid which had formed . 
Preparation of l-Phenyl-5-aminotetrazole (57) 
The procedure used was a modification of that reported by 
Garbrecht and Herbst . 63 A solution of 53 . 0  g .  (0.50 mole) of cyanogen 
bromide in 200 r.11 . c-£ benzene was added dropwise with stirring and 
ice-bath cooling to a solution of 93 . 0  g .  (1 mole) of freshly distilled 
aniline •in 400 ml . of benzene. The mixture was allowed to stand at 
room temperature with stirring for 24 hours . The precipitated aniline 
hydrobromide was removed by suction filtration. The benzene solution 
of hydrazoic acid prepared as described above was added to the filtrate 
and the mixture was stirred for 1 week at room temperature .  The white 
solid which had formed was isolated by suction filtration. The crude 
product was recrystallized from water, washed with water, and air 
dried. The yield of l-phenyl-5-aminotetrazole (57) was 47 .5  g .  (59%) ; 
m . p .  159-160°, lit. m . p.79 160 . 5-161 . 5° ; ir (nujol) 3, 400, 3, 320, 3, 160, 
1 , 635, 1, 595, 1, 570, 1,505, 1,330, 1, 1 20, 1, 070, 1 , 020, 985, 770, 755, 
and 680 cm-1 ; mass spectrum 161 (1. 2),  133 (37),  1 18 (16), 106(34), 
105(15) , 91(92), 79(18) , 77(100),  66(35), 65(64), 64(31), 52(20), 
51(80), 43(14) , 42(11) , 41(18) , 39(44), 38(30), 37(14), 28(35) , and 
27(24). 
Preparation of l-Phenyl-4-methyl-5-iminotetrazoline (58) 
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A mixture of 8.05 g. (0.05 mole) of l-phenyl-5-aminotetra·zole 
(57) and 6.3 g. (0.05 mole) of dimethyl sulfate was heated on a hot 
plate until an exothermic reaction occurred. Heating was continued 
for 30 minutes thereafter. After the rnixtuxe had been cooled to room 
temperature , 6N sodium hydroxide (30 ml.) was added. The mixture was 
extracted with three 25 ml. portions of benzene. The combined benzene 
extracts were washed twice with 25 ml. of water and dried over calcium 
chloride. Removal of the solvent under vacuum gave 8.3 g. of yellow 
solid. 
Th1s solid was chromatographed on a silicic acid column (16 mm 
x 160 mm). The column was prewashed with 4 ml. of diethyl ether, 20 
ml. of 1: 1 acetone-diethyl ether, 16 ml. of diethyl ether, and 20 ml. 
of hexane. 9O The results of this chromatography are shown in Table 4. 
Fraction 6 was used for obtaining spectral information ;  ir(nujol) 
3 ,300, 1 ,650 , 1 ,595, 1,500 , 1,405, 1,225, 1 , 135, 1,080, 1,030, 790, 
760, 710 , and 690 cm-1; nmr(CC14) 3 . 440 (s, 3H, CH3), 4.606 (s, lH, 
C=NH), 7.0-7.80 (m , 5H, aromatic H' s) ;  mass spectrum 175(13), 119(11), 
118(100),  91(37) , 77(35) , 65(12) , 64(28), 63(13), 56(12) , 51(31), 
50(10), 43(13} ,  41(12), 39(21), 38(11), 29(11), 27(14) , and 15(18). 
Table 4 ,  Chromatography of methylation product of l-phenyl-5-aminotetrazole ( �7) . 
Fraction Eluent Volume Weight m . p ,  
Identity 
( ir spectrum) 
1 Hexane 50 ml . 
2 80% Hexane 50 ml . 20% Benzene 
50% Hexane 0 {58) 3 50% Benzene 
100 ml . 3 .39 9 •  54 . 5-56 




5 Benzene 50 ml . 0 .36 9 •  54-56
° {58) 




7 Chloroform 50 ml . 0 .28 g • . 55-57
° 
{58) 
8 Chlorofoi;m 50 ml . 0 .28 9 •  50-56
° (58) 
9 Chloroform 50 ml . 0 . 10 9 •  52-56
° (58) 
10 Chloroform 50 ml . 0 . 10 9 •  50-56
° {58) 
11 Methanol 100 ml . 0 .20 9 •  _ .. __ _  . ?  
- - �� -�-- � � -
Anal. : Calcd. for C8HgJ5: C,  54.85; H, 5. 18 ; N ,  39. 97 
Found: C, 54.81 ;  H, 5. 20 ;  N. 39. 97. 
Preparation of l-Phenyl-4-methyl-5-iminotetrazoline (58) 
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A mixture of 1.61 g. (0. 01 mole) of l-phenyl-5-aminotetrazole 
(57) and 1. 26 g. (0.01 mole) of dimethyl sulfate in 25 ml. of benzene 
was maintained at reflux for 3 hours. After cooling , the solid which 
had formed was isolated by suction filtr�tion and treated with 25 ml. 
of concentrated ammonium hydroxide. The aqueous solution was ex­
tracted with three 25 ml. portions of diethyl ether and the combined 
ether extracts were dried over calcium chloride. Removal of the sol­
vent under vacuum gave a 5.0 g. (29%) yield of l-phenyl-4-methyl-5-
iminotetrazoline (58) ; m.p. 56-57°. The ir spectrum was identical to 
that reported above. 
A sample of l-phenyl-4-methyl-5-iminotetrazoline (58) was heated 
under reflux with 5 ml. of acetic anhydride for 30 minutes. After 
cooling , 2-propanol (10 ml.) was added. Solvent was removed under 
vacuum until only a small volume remained. Water was added until per­
manent turbidity developed. The product which crystallized upon 
chilling was isolated by suction filtration and recrystallized from 
95 percent ethanol ; m.p. 71-72° ; mixed m.p. with 1-phenyl-4-
methyltetrazoline-5-one (53) 71-72°. The ir spectrum was identical 
with that of 1-phenyl-4-methyltetrazoline-5-one (53) . 
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Reaction of l-phenyl-4-methyl-5-iminotetrazoline (58) with phenyl 
isothiocyanate gave a thiourea derivative; m. p. 178-180°, lit. m .p.59 
181-182°. 
Preparation of 1-Phenyl-4-methyl-5-methyliminotetrazoline (59) 
A mixture of 16. 1 g. (0. 10 mole) of l-phenyl-5-aminotetrazole 
(57) and 1 2.6  g .  (0. 10 mole) of dimethyl sulfate wa s wanned on a hot 
plate until an exothermic reaction took place. Heating of the mix­
ture was continued for 30 minutes thereafter. The solid which formed 
upon cooling to room temperature was dissolved in 6N sodium hydroxide. 
The basic solution was extracted with three 50 ml. portions of ben­
zene. The combined benzene extracts were dried over calcium chloride. 
Removal of the solvent under vacuum gave 16. 9 g. of viscous residue. 
The above residue was treated with 12.6 g. (0. 10 mole) of 
dimethyl sulfate. An exothermic reaction occurred. After the re­
action ceased, the viscous mixture was  dissolved in water and the 
chilled solution was treated with 6N sodium hydroxide . The resulting 
mixture was extracted with three 50 ml. portions of benzene. The ben­
zene extracts ere dried over calcium ·chloride and the solvent was 
removed under vacuum. The liquid residue was distilled giving 12. 9 g. 
of straw-yellow liquid ; b.p. 120-125° . at 0.4 mm. 
A solution of 10.0 g. of the straw-yellow liquid in 100 ml. of 
diethyl ether was prepared. Dry hydrogen chloride gas was passed 
through the solution until precipitation ceased. The mixture was  fil­
tered with suction and the precipitate was recrystallized from 
acetonitrile to give 9.6 g. (55 percent based on 1-phenyl-5-
aminotetrazole) of l-phenyl-4-methyl-5-methyliminotetrazoline 
hydrochloride (60) ; m.p. 215-2176 ; ir(nujol) 1,680, 1,600, 1,500, 
1,200, 1, 130, 1,070, 1,040, 820, 775, 720, 700, and 680 cm-1 ; 
nmr(DMSOd-6) 2.426 (s, 3H, C =NCH3) ,_ 4.076 (s, 3H, 4-CH3) ,  7 .4-7 .86 
(m, 5H, aromatic H' s). 
The free base was obtained by dissolving 0.5 g. of the hydro­
chloride salt in water and making the solution basic by addition of 
anhydrous potassium carbonate. The oil which formed was solidified 
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by freezing the mixture and then allowing it to thaw. The yield of 
1-phenyl-4-methyl-5-methyliminotetrazoline (59) was 0.3 g. (39 percent 
based on 1-phenyl-5-aminotet:razole) ; m.p. 33.5-35.5 °; ir(nujol) 1,680, 
1,600, 1,500, 1,410, 1,285, 1, 165, 1, 140, 1,090, 1,040, 1, 025, 800, 
780, 750, 720, and 690 cm-1 ; nmr(CC14) 2.656 (s, 3H, C=NC83), 3.466 
(s, 3H, 4-CH3) ,  6.95-7.66 (m, 5H, aromatic H' s) ;  mass spectrum 
189(15), 160(13), 133(15), 132(100), 131(28), 9l(B7), 77(81), 70(19), 
69(27), 65(23), 64(38), 63 (20), 52(11), 51(60), 50(20), 44(12), 
43(72), 42(55),  41(20), 39 (32), 38(15), and 15(96) . 
A sample of l-phenyl-4-methyl-5-methyliminotetrazoline (59) was 
heated with 6N sodium hydroxide. The solid which formed upon chilling 
was isolated by suction filtration and recrystallized from 95 percent 
ethanol. The product was shown to be l-phenyl-4-methyltetrazoline-5-
• 0ne (53) by melting point (71-72°) and ir spectrum. 
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Pre aration of l iminotetrazoline 
Methiodide 61 
A mixture of 0. 81 9. (0. 005 mole) of l-phenyl-5-aminotetrazole 
(57) and 0. 63 g. (0. 005 mole) of dimethyl sulfate was heated on a hot 
pl ate until an exothermic reaction occurred and for 30 minutes the re­
after. The cooled mixture was treated with 6N sodium hydroxide and 
the mixture was extracted with three 5 ml. portions of diethyl ether. 
The combined ether extracts were dried over  cal cium chloride. Removal 
of the solvent under vacuum left a yellow oil. 
This oil was treated with 0. 63 9. (0. 005 mole) of dimethyl sul­
f ate. An exothermic reaction occurred. After the reaction had sub­
sided, the mixture . was cooled and treated with 6N sodium hydroxide. 
The mixture was extracted with three 5 ml. portions of diethyl ether 
and the combined ether extracts were dried over calcium chloride. Re­
moval of the solvent under vacuum gave a yellow oil. 
This oil was dissolved in 10 ml. of benzene. Methyl iodide (1 . 06 
g. , 0. 0075 mole ) was added and the mixture was maintained at reflux for 
30 minutes. The precipitated 1-phenyl-4-methyl-5-methyliminotetrazoline 
methiodide (61) was isolated by suction filtration. The yield  was 0. 86 
g. ( 52%) ; m. p. 179-180 ° dee. ;  ir(nuj ol) 1,670, 1,650, 1,500, 1,400, 
1,025, 940, 780, 755, and 680 cm-1; nmr(DMSOd-6) 2. 96o (s, 6H, 
C = N (CH3) 2) ,  4. 186 (s, 3H, 4-CH3) ,  7. 776 (s, 5H, aromatic H' s) . 
Anal. : Calcd. for c10H14N5I: C, 36. 27 ; H, 4- 26; N, 21. 15 
Found: C, 36. 09 ; H, 4. 25 ; N, 21. 20. 
Pyrolysis of l-Phenyltetrazoline-5-one (15) 
A sample of l-phenyltetrazoline-5-one (15) in a melting point 
capillary was heated in the melting point apparatus at 200 ° for 
several minutes until decomposition appeared to be complete . The 
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sample was cooled and the melting point was determined to be 226-228 . 
A sample of  l-phenyltetrazoline-5-one ( 15) was decomposed by 
heating ( 200 °) in the sol_id probe of the mass spectrometer .  The probe 
was not inserted when the sample was heated . While the probe was still 
warm (about 5� 0) the mass spectrum was obtained ; 253 (25) , 134 (40) , 
119 (30),  106 ( 28) , 105 (40) , 93 ( 23), 92 (15),  91 ( 100) , 78 (13) ,  77 (50) , 
65 (18) , 64 ( 45), 63 ( 20) , 52 ( 13), 51 (33) , and 50 (13) . 
Attempted PVI·olysis of l-Phenyl-4-methyl tetrazoline-�-one (53) 
l-Phenyl-4-methyltetrazoline-5-one (53) (0 .50 g. , 0 . 00028 mole) 
wa s  heated in an oil bath at 210-215 ° for 15 minutes . No gas evolution 
or other sign of decomposition was observed. A quantitative yield of 
l-phenyl-4-methyltetrazoline-5-one (53) was recovered. 
Pyrolysis of l-Phenyltetrazoline-5-thione (36) 
l-Phenyltetrazoline-5-thione (36) (0 .50 g . ,  0 .0028 mole) was 
added in small portions to a test tube which was heated in an oil bath 
to about 160 ° . Heating of the test tube continued for 10 minutes fol­
lowing complete addition . The tube was allowed to cool and the product 
was isolated . The product weighed 0. 39 g . ; mass sp�ctrum 258 (4.5) , 
256(13.5) , 194 (2 . 25) , 192 (6. 75), 162 ( 3) ,  160 (15) , 130 (6) , 128 ( 28 .5) 
119 ( 12) , 118 (25. 5) , 98 (6) , 96(21) , 92 (15) , 91 ( 51 ) , 77( 24) , 66( 12) ,  
and 64 (100 ) .  
P
�
olysi s  of l-Phenyl-4-methyl-5-methyliminotetrazoline 
H_drochloride (60)  
1 -Phenyl-4-methyl-5-methyliminotetrazoline hydrochloride (60) 
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(2. 0 g. , 0. 0090 mole) was heated over a low flame until molten. When 
gas evolution ceased, the sample was cooled to room temperature. 
Water was added and the mixture wa s  filtered. The precipitate wa s  
recrystallized twice from chloroform. The yield of l-methyl-5-
anilinotetrazole (68) was approxima tely 0. 5 g. (32%) ; - m. p. 176-179 °. 
Recrystallization from 95 percent ethanol raised the melting point to 
180-182°, lit. m. p. 79 185. 5-186 . 5 °; i� (nuj ol) 3,300, 3,200, 3,130, 
3,050 , 1,615, 1,575, 1,535, 1,500, 1,430, 1,310, 1,240, 1,050, 1,035, 
975, 900, 870, 825, 755, 725, and 690 cm-1; mass spectrum 175 (13) ,  
146 (32 ) ,  119 (32), 118 ( 19 ) , 106(10), 105 (27) , 104 ( 11), 93(13) ,  92 (26) , 
91(16) , 83(39) , 78 (17) , 77(100) , 76(15) , 65(65) ,  64(20) , 63(17) , 53( 11) , 
52(20 ) ,  5 1 ( 100) , 50(35) , 43(50) , 42 (33) ,  41(14) , 39 (58 ) ,  38 (19) , 29 (14), 
27(34) , and 15 (73) .  
Preparation of l-Phenyl-3-methylthiourea (69) 
Phenyl isothiocyanate (67. 5 g. , 0. 5 mole) was added to a solution 
of 67. 5 g. ( 1 . 0  mole) of methyl amine hydrochloride in 600 ml. of 
wa ter. The mixture was ma de basic by the gradual addit.ion with stir­
ring of 184 ml. (1. 1 moles) of 6N sodium hydroxide. The product which 
precipitated during the addition of base wa s  isolated by suction fil­
tration, washed with water, and air dried. The yield of 
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l-phenyl-3-methylthiourea (69) was 71. 0 9. (85.5%); m. p. 112.5-114 °, 
lit. m.p. 91 113 °; ir(nujol) 3,250, 3, 150, 1,590, 1,540, 1, 515, 1,310, 
1,290, 1, 150, 1,040, 720, and 680 cm-1 • 
Preparation of 1,2-Dimethyl-3-phenyl-2-thiopseudourea 
Hydroiodide (70) 
Methyl iodide (14. 9 g . ,  0. 105 mole) was added to a slurry of 16 .6 
g. (0.10 mole) of l-phenyl-3-methylthiourea (69) in 150 ml. of absolute 
ethanol. The mixture was brought to reflux and maintained at reflux 
for 1 hour. Removal of approximately one-third of the solvent resulted 
in formation of a solid. Suction filtration gave 25 . 3  9 .  of 1,2-
dimethyl-3-phenyl-2-thiopseudourea hydroiodide (70 ) . An additional 
2. 1 9 •  of product was obtained by further removal of solvent. Total 
0 79 0 yield was 27.4 9 •  (89%);  m.p. 154-156 , lit. m.p. 156.5-157 .5 ; 
ir(nujol) 3,200, 3,050, 1,610, 1,590, 1,505, 1,490, 1,430, 1,415, 
1,290, 1,235, 1, 155, 1,075, 1,025, 980, 895, 775, 735, and 700 cm-1. 
Preparation of l-Methyl-2-phenyl-3-aminoguanidinium Iodide (71) 
A solution of 6. 16 9. (0.020 mole) of 1,2-dimethyl-3-phenyl-2-
thiopseudourea hydroiodide (70), 0.68 9 •  (0 . 022 mole) of 95 percent 
hydrazine, and 25 ml. of absolute ethanol was maintained at reflux for 
1 hour. The solvent was removed under vacuum leaving a gummy residue . 
The residue was dissolved in acetonitrile and the solvent was removed 
under vacuum. This procedure was repeated until a crys talline residue 
was obtained. The residue was dissolved in 10 ml . of ethanol and 10 
ml . of diethyl ether was added . The solid product was isolated by 
filtration. The yield of l-methyl-2-phenyl-3-aminoguanidinium iodide 
( ) ( 
79 71 was 2. 15 g. 44%) ; rn.p .  136-137 . 5 °, lit . m . p. 139.5-140 °; 
ir ( nujol) 3, 320, 3, 180, 1,665, 1,625, 1, 595, 1, 240, 1, 175, 920, and 
765 cm-1• 
Preparation of l-Phenyl-5-methylaminotetrazole (73) 
A solution of 2. 15 g. (0 . 0074 mole) of l-rnethyl-2-phenyl-3-
aminoguanidiurn iodide (71 ) in 20 ml. of water was acidified with 2 
drops of concentrated nitric acid. A solution of L 25 g. (0. 0074 
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mole) of silver nitrate was added dropwise with stirring. A fter 30 
minutes, the excess silver was precipitated by the addition of 0.5 ml. 
of  concentrated hydrochloric acid. The precipitated silver was re­
moved by suction filtration and was washed with two 5 ml. portions of 
hot water . The f i l trate was acidified with O r5 ml . of c oncentra ted 
hydrochloric acid and the solution was cooled in an ice bath. A 
solution of 0. 51 g .  ( 0. 0074 mole) of sodium nitrite in 10 ml. of water 
was added with stirring and ice-bath cooling. The temperature was not 
allowed to exceed 10 °. When a starch-iodide endpoint was reached, 
addition of the nitrite was stopped and the solution wa s stirred for 
an additional 15 minutes. Slow addition of 0. 85 g. (0 . 008 mole) of 
anhydrous sodium carbonate caused formation of a white solid, which was 
isolated by suction filtration, washed with water, and air dried . The 
yield of l-phenyl-5-methylaminotetrazole (73 ) was 0.85  g . (65%) ; m. p. 
133-134 � lit . m. p . 79 133 . 5-136. 5 ° ; ir (nujol) 3, 175, 1, 600, 1, 520, 
1, 420, 1, 320, 1, 155 , 1, 130, 1, 085, 1, 010, 1,055, 1, 020, 975, 845, 760, 
720, and 680 cm-1; mass spectrum 175 (8 ), 146( 34) ,  11 9( 22 ), 1 18 (41), 
104(20) , 91( 64) , 77( 100) , 65 ( 16) , 64( 27) , 63( 12) , 51(31) , 50( 11) , 
and 39( 14) . 
Preparation of l-Methyl-5-anilinotetrazole (68) 
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A 0 .5 g .  sample (0.00285 mole) of l-phenyl-5-methylaminotetrazole 
(73 ) was heated in an oil bath at 180-190 ° for 10 minutes. The sample 
was allowed to solidify and then was heated for an additional 10 
minutes . The solidified product was recrystallized from 95 percent 
ethanol to give 0.4 g. (80%) of l-methyl-5-anilinotetrazole; m. p. 
184-185 . 5 ° , lit. m. p.79 185. 5-186. 5 ° ; ir( nuj ol) 3,300, 3,220, 3,135, 
3 ,060 , 1, 620, 1, 580, 1,540, 1,505, 1,440, 1,315 , 1,245, 1,125, 1,060, 
1 ,040, 980, 905, 875, 830, 760, 730, 695, and 665 cm-1; mass spectrum 
175 (25 ) , 146(65) , 119(46) , 118(25) ,  106(13) , 105 (40) , 104(12) , 93(1 9) , 
92(42) , 91(27) , 83(39) , 78( 19) , 77(100) , 76(17) , 65 (69) , 64(17) , 
63(17 ) , 55 (12) , 53( 10) , 52(15) , 51(71) , 43(39) , 42(21) , 41(10) , 39(39) , 
38 (13) , 29(10) , 27(13) , and 15 (20) . 
Pyrolysis of l-Phenyl-4-methyl-5-methyliminotetrazoline 
J.1ethiodide (61)  
A 0 .5000 g. (0. 00151 mole) sample of l-phenyl-4-methyl-5-
methyliminotetrazoline methiodide (61) was heated over a low flame 
until gas evolution ceased. After the sample had cooled, water was 
added and the mixture was filtered. The precipitate was recrystallized 
from aqueous methanol. T�e yield of 1-phenyl-5-dimethylaminotetrazole 
(74) was 0 .0681 g. (23. 8%) ; rn. p. 108-109°, lit. m.p. 79 110-111° ; 
ir(nujol) 1, 590, 1,570, 1,495, 1,300, 1,235, 1,150, 1,090, 1,070, 
1 ,020 ,  980, 945, 925, 775, 735, 720, and 695 crn-1; mass spectrum 
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189 (11) , 160 (9) , 147(8) , 146(40) , 132 (52) , 131(13) , 119 (23) , 118 (58) , 
92(13) , 91(100) , 77(84) , 65(30), 64(46) , 58 (33) , 51(35) , 43 (78) , and 
42(27) .  
Preparation of 12 1-Dimethyl-3-phenylthiourea (75) 
A solution of 22.5 g. (0.50 mole) of dimethyl amine in 100 ml. 
of hexane wa s added dropwise with stirring to a solution of 67. 5 g. 
( 0. 50 mole) of phenyl isothiocyanate in 400 ml. of hexane. After 
a ddition of the amine was complete, the mixture was stirred for 1 
hour. The solid which had formed wa s  isolated by suction filtration. 
Addition of diethyl amine to the filtrate caused  more solid to form. 
An a dditiona l solution of 22.5 g. (0. 50 mole ) of dimethyl amine in 100 
ml. of hexane was added to the filtrate dropwise with stirring. The 
mixture was stirred for 1 hour after a ddition of the amine was com­
ple te. The solid which had formed was isolated by suction filtration 
and combined with tha t which had been obtained previously. The yield 
of 1, 1-dimethyl-3-phenylthiourea (75) was 83. 5 g. (92.7%); m.p. 133-
134. 5 0, lit. m. p. 92 135° ; ir(nuj ol ) 3, 200 ,  1, 590 , 1, 530, 1, 490 , 1, 320 , 
1, 300, 1, 290, 1, 255, 1, 180, 1, 140, 1, 060, 940 , 900 ,  835, 760, and 700 
-1 cm • 
Preparation of 1 2122-Trimethyl-3-phenyl-2-thiopseudourea 
Hydroiodide (76) 
Methyl iodide ( 14.9 g. , 0.105 mole) was added to a slurry of 18.0 
g. (0. 10 mole) of 1, 1-dimethyl-3-phenylthiourea (75) in 150 ml. of 
absolute ethanol. The mixture wa s brought to reflux and maintained at 
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reflux for 1 hour. Approximately one-third of the solvent was removed 
under vacuum and the mixture was filtered with suction. The yield of 
1 , 1 , 2-trimethyl-3-phenyl-2-thiopseudourea hydroiodide (76)  was 20.72 g. 
( 64%) ; m. p. 131-133 °, lit. m. p. 79 132-133. 5° ; ir (nujol ) 1 , 605, 1 ,590 ,  
1 , 320 , 1 , 250 , 1 , 155 , 1 , 060 ,  780 , and 715 cm-1• 
Preparation of 12 1-Dimethyl-2-phenyl-3-aminoguanidinium Iodide (77) 
A solution of 3. 22 g. (0. 01 mole) of 1 , 1 , 2-trimethyl-3-phenyl-2-
thiopseudourea hydroiodide (76) , 0. 34 g. (0. 011 mole) of 95 percent 
hydrazine , and 25 ml. of absolute ethanol was maintained at reflux for 
1 hour. Removal of the_ solvent under vacuum left a gummy residue . The 
residue was dissolved in acetonitrile and the solvent was removed under 
vacuum . This procedure was repeated + .  1 un "'l..1.  3 cryst3lline residue was 
obtained. The residue was dissolved in 10 ml. of absolute ethanol and 
10 ml. of diethyl ether was added and the product was isolated by 
suction filtration. The yield of 1 , 1-dimethyl-2-phenyl-3-
aminoguanidinium iodide (77 )  was 1.45 g. (47%) ; m. p. 133-136 °; 
ir (nujol )  3 , 290 , 3 , 180 , 1 , 660 , 1 ,595 , 1 , 275 , 1, 075 ,  1 , 030 , 805 , 765 ,  
720 ,  and 700 cm-1• 
Preparation of 1-Phenyl-5-dimethylaminotetrazole (74) 
A solution of 0. 75 g. (0. 00245 mole) of 1 , 1-dimethyl-2-phenyl-3-
aminoguanidinium iodide (77 ) in 10 ml. of water was acidified with 1 
drop of concentrated nitric acid. A solution of 0 . 42 g. (0. 00246 mole) 
of silver nitrate in 5 ml. of water was added dropwise with stirring. 
After 30 minutes the excess silver was precipitated by the addition 
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of  5 drops of concentrated hydrochloric a cid . The precipitated silver 
halides were removed by suction filtration and washed with two 5 ml . 
portions of hot water . The filtrate was acidified with 0.5 ml . of 
concentrated hydrochloric acid and the solution was cooled in an ice 
·bath. A solution of 0.17 g. (0.00246 mole) of  sodium nitrite in 5 ml. 
of  water was added dropwise with stirring and ice-ba th cooling. The 
tempera ture wa s not allowed to exceed 10 °. When a starch-iodide end ­
point wa s reached , addition of the nitrite wa s stopped and the solution 
wa s stirred for an additiona l 15 minutes. The solution was made basic 
to Congo Red paper by the addition of sodium carbonate. The solid 
product was isolated by filtration, washed with wa·ter , and air dried . 
The yield of  l-phenyl-5-dimethylaminotetrazol e (74) was 0 . 2  g .  (43%) ; 
m . p . 10 8-109 °, lit .  m . p.79 1 10-111° ; ir (nuj ol) 1 , 595, 1 , 575 ,  1 , 500 , 
1 , 305,  1 ,240 ,  1 ,160 , 1, 090 ,  1, 010 , 1 , 020 , 985, 945, 925, 775, 735, 
720 , and 700 cm-1 ; mass spectrum 189 (25), 160 (14), 147 (10), 146 (50), 
132 (53) ,  131(13), 119 (25), 1 18(59), 92 (13),  91(100),  77 (80), 65(27), 
64(42), 58(29) ,  51 (31 ), 43(67), and 42(23). 
Purifica tion of  Photolysis Solvents 
2-Propano l  wa s purified by distillation through a GV-130 vacuum 
column with 3 foot rectifying section made by Precision Distillation 
Apparatus Compa ny . The distillate boiling below 79 ° was discarded . 
The boiling point of the purified 2-propa nol was 79-80 °. 
The purification of hexa ne was .based on  methods which have been 
reported . 93 Hexane was stirred for 12 hours with one-tenth its volume 
o f  concentrated sulfuric acid. The layers were separated and the 
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hexane was again treated with concentrated sulfuric acid for 12 hours. 
This procedure was repeated until the sul furic acid was only slightly 
colored after 12  hours. The layers were separated and the hexane 
layer was washed several times with water. The hexane was dried over 
calcium chloride and passed through a silicic acid column (30 mm x 200 
mm ) and an alumina column (30 mm x 200 mm ) .  
Photolysis o f  l-Phenyl-4-rnethyltetrazoline-5-one (53) 
: . - . " 
A solution of 1. 7601 g. (0.010 mole)  o f  l-phenil -4- · � - · · 
methyltetrazoline-5-one (53) in 800 ml. of  2-propanol was irradiated 
for 39 hours. Removal _of solvent from the yellow solution left a 
brown gummy residue. When treated with a small amount - of acetone, 
part o f  the res �duo dissolved but a small amount remained undissolved . 
Isolation by filtration gave 0 . 4362 g .  (29. 5%) of l­
methylberizimidazoline-2-one (78 ) ; m. p .  1 90-191 °, lit. m . p . 94 190-192 � 
ir (nuj ol) 3, 150, 1 ,740, 1, 715, 1, 695, 1 , 615, 1, 300, 1, 230, 1, 185, 
1, 120, 1, 080, 1, 005, 910, 880, 740, 725, and 685 cm-1 ; nmr (CDc13) 3 . 470 
(s, 3H, CH3 ) ,  7. 0-7. 40 (m, 4H, aromatic H ' s ) ; mass spectrum 149(12) ,  
148 (100 ) ,  147(25 ) ,  and 1 19(60 ) .  Treatment with acetyl chloride gave an 
acetyl derivative ; m. p. 1 19-121 °, lit. m. p. 95 120-121 ° . 
Photosensitized Photolysis of 1-Phenyl-4-methyltetrazoline-5-one (53) 
A solution of 1. 0018 g. (0. 0057 mole) of l -phenyl-4-methyl tetrazo-
line-5-one (53) and 1 . 0389 g .  (0 . 0057 mole) of benzophenone (sen­
sitizer) in 250 ml . of purified hexane was irradiated for 13 hours. 
The photolysis solution was contained in a 400 ml . pyrex beaker which 
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was placed next to the quartz insert containing the mercury vapor lamp. 
The solution was stirred during photolysis. Periodically it was 
necessary to scrape solid material from the sides of the beaker to 
allow light to enter. After 13 hours new formation of solid on the 
beaker walls was minimal. Filtration gave a 0.5021 g. (59.5%) yield of 
l- methylbenzimidazoline-2-one (78) ; rn.p. 190-191 °, lit . m.p. 94 190-192� 
The infrared spectrum was identical to that of the product from the 
unsensitized photolysis. 
Photolysis of 1-(226-dirnethylphenyl)-4-methyltetrazoline-5-one (54) 
A solution of 1. 90 g. (0.0093 mole) of 1- (2,6-dimethylphenyl)-4-
methyltetrazoline-5-one (54) in 850 ml. of 2-propanol was irradiated 
for 5 hours. Removal of the solvent left a brown residue. The residue 
was completely soluble in acetone. Removal of the acetone gave a 
brown glassy material. 
Preparation of 1 ,3-Di-tert-butylurea 
�-Butyl amine (14.6 g. , 0.20 mole) was added dropwise with 
stirring �o a mixture of 19 .8 g. (0. 20 mole) of tert-butyl isocyanate 
in 300 ml. of hexane. The mixture was stirred for 1 hour following 
complete addition of the amine. The solid which had fanned was iso­
lated by suction filtration and air dried. The yield of 1,3-di-tert­
butylurea was 34.4 g. (100%); m.p. 240-241 ° (sealed tube), lit. m.p.7 
243-244 ° (sealed tube) ; ir(nujol) 3,360, 1,635, 1,560, 1,365, 1, 295 
1 ,235, and 1, 210 cm-1• 
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Preparation of tert-Butyl Hypochlorite 
The procedure reported in Organic Syntheses96 was used. The 
yield of �-butyl hypochlorite was 84. 2 g. (77.5%); ir(neat) 2, 980, 
2,930, 1,450 , 1,380, 1,360, 1, 235, 1, 172, 1, 110, 830, 750, and 675 
cm-I . 
Preparation of Di-�-butyldiaziridinone (79) 
The procedure reported by Greene, Stowell, and Bergmark7 was used. 
�-Butyl hypochlorite (16. 28 g., 0.15 mole) was added dropwise with 
stirring to a slurry of 25.8 g. (0.15 mole) of 1,3-di-tert-butylurea 
in 115 ml . of tert-butyl alcohol which had been distilled from sodium 
metal. The mixture was protected from the light. All of the urea had 
dissolved when addition of the hypochlorite was complete. A solution 
of 6.63 g .  (0.17 mole) of potassium metal in 167 ml. of tert-butyl 
alcohol was added with stirring under a nitrogen atmosphere. The mix­
ture was stirred for 10 minutes and then was poured into 1,000 ml. of 
water. The mixture was extracted with three 167 ml. portions of pen­
tane. The combined pentane extracts were washed with three 330 ml. 
portions of water and dried over anhydrous potassium carbonate . The 
pentane was removed on a steam bath and the residue was distilled under 
vacuum. The yield of di-tert-butyldiaziridinone (79) was 10.3 g., 
(40%) ; b .p. 50° at 5 mm, lit. b.p.7 58-59 ° at 8 mm ;  !l23n 1.4252, lit. 
value7 n26o 1.4266; ir (neat) 1, 920, 1,870, 1,850, 1,790, 1,470, 1,450, 
1 ,385 , 1,360 , 1,240, 1,190, 1,070, 1,015, 840, 770, and 720 cm-1• 
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Photolysis of Di-tert-butyldiaziridinone (79 ) 
A solution of 3.5143 g. (0.021 mole} of di-tert-butyldiaziridinone 
(79 ) in 800 ml. of 2-propanol was irradiated for· 17 hours. The evolved 
gas occupied 1,960 ml. at 716 Torr and 30 ° or 1,660 ml. at STP. This 
corresponds to approximately 0.074 mole of gas or 3.5 moles of gas 
per mole of di-tert-butyldiaziridinone (79 ) ; ir (gas cell ) 3,075, 2 ,950 , 
2,885, 2, 160, 2, 105, 1,470, 1,373, 1,300, and 880 cm-1 • Comparison of 
the infrared spectrum with the recorded �pectra of carbon monoxide97 
and isobutane, 98 indicated that these gases were present in the mix­
ture. Solvent was removed from the photolyzed solution under reduced 
pressure. The presence of absorption at 950, 885, and 830 cm-1 in the 
infrared spectrum of the residue indicated the presence of pinacol. 
1, 3-Di-tert-butylurea was also present as indicated by peaks at 1,665 
and 1,550 �m-1. 
1 11 
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APPENDIX 
Molecula r orbita l ca lcula tion for 
The 
0 1 
I I  
3 c
2 4 'N ' ' N'"' 
secula r determina nt is set up as foll ows: 
Hll-SllE H12_-S12E H13-S13E 
H21-S21E H2r522E H23-S23E 
H31-S31E H32-S32E ¾3-S33E 
H41-S41E H42-S42E H43-S43E 
The following empirica l  para meters a re used : 





H = H = Q 99 H = H = H = H = 0 .  Bf3 99 12 21 j-1 23 32 24 42 
H - H - H = H = H - H = O 13 - 14 31 41 34 - 43 
s . .  = 0 
J.J 
Substituting gives 





a - E 
0 . 813 
0 . 8!3 
---
0 
0 . 8!3 
a - E + o. � 
0 
0 
O . Bf, 
0 
a - E + 
118 
0 . 5J3 
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Dividing each tenn of the determinant by � gives 
r:x - E 
1 l'" 0 0 - + " 
1 ex - E o .a o .a  t, 
0 0 . 8  ex - E 0 . 5  0 -- + 
� 
0 a .a 0 Q:...::£ + 0 . 5 
� 
By letting ex 
- E the determinant can be further simplified. x = 
-t,-, 
x +  1 1 0 0 
1 X o .a o .a 
0 0 .8 X + 0 . 5  0 
0 0 . 8 0 X + 0 . 5  
The secular equation is obtained by setting this determinant 
equal to zero. 
x +  1 1 0 0 
1 X o . a  o .a 
0 
0 o .a X + 0 . 5  0 
0 o .a  0 X + 0 . 5  
The equation can now be evaluated by the method of cofactors. 
X o .a 0 . 8  
t (x + 1 ) 0 . 8 X + 0 . 5  0 0 . 8 0 + 0 . 5  
- 1 




X + 0 .5 
a 





- (0 .8x + o .9 )  
I 0 X + 0 .5 0 X + 0.5 
+ (o .sx + o-:a ) - 1 
a .a o . a  x +  0.5 0 
- 1 = 0 
X + 0 .5 0 0 X + 0.5 
(x2 + x) (x2 + x + 0 .25) - (0.8x + 0.8) (0.8x + 0.4 ) 
-+ . (0 .8x + 0 .8 ) (-0.8x - 0.4) - (x2 + x -t 0.25 )  = 0 
x4 + x3 + 0 .25x2 + x3 + x2 + 0 . 25x - 0.64x2 - 0.32x - 0.64x 
- 0.32 - 0 .64x2 - 0 . 32x - 0 . 64x - 0.32 - x2 - x - 0.25 = 0 
x4 + 2x3 - l .03x2 - 2 .67x - 0.89 = 0 
With the aid of an Olivetti Undenvood Programma 101 desk computer 
the roots of this equation were found to be: x = -1.9446393, 
x � -0 .7599038 , x = -0 .5000000, and x = 1 . 2045431. 
Cl' - E Since we let x = ---a-
a - E = -l .9446393S or E = Cl' +  1.9446393a 
a - E = -0 . 7599038{3 or E = Cl' + 0. 7599038'3 
a - E = -0 .5000000� or E = a +  0 .500000q3 
a - E = l .2045431� or E = a - 1 .2045431a 




o .a  
o .a  
I 
a .a - 0 .8 
O 
o .a 
X + 0 . 5  
0 
o .a 
I X + 0 . 5  
o .s 
0 
X + 0 . 5  
+ 0 . 8  
= X 
0 . 8 
X + 0 . 5 
0 
X + 0 . 5  
o .a 
0 I = 
x(x2 + x + 0 . 25 )  - o . s (o . sx + 0 .4) + o . s ( -o . ax - 0 .4 )  = 
x3 + x2 + 0 .25 x - 0 . 64x - 0 . 32 - 0 . 64x - 0 . 32 = 
x3 + x2 - 1 . 03x - 0 . 64 
l 0 0 
X + 0 . 5 






0 X + 0 . 5  
a .a 0 X + 0 . 5  
= - x2 - X - 0 • 25 
I 0 0 
I 
0:8 o .a 
A3 = X o .a o .s 
X + 0 . 5 
a .a 0 X + 0 . 5  
= a .ax + 0 .4 
1 0 a 
o . s  0 . 8  
A4 = X o .a o .s = 
X + 0 . 5  0 
o .s X + 0 . 5  0 
= - ( -a .ax - 0 .4 )  = o .ax + 0 .4 
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r:,p.2 • 0.170182128 1 
� 0 . 4125314 










c .  = 






-0. 1 637451 
-0.5040174 
-0.5040174 





However the coefficients for the remaining molecular orbital can 
be found since �c� must equal one. c .  is the coefficient of the ith 
r ir ir 
atomic orbital in the rth molecular orbital. 
cf1 + cf2 + cf4 = (-0. 6402315) 2 + (0. 6819974)2 
+ (0. 3535294) 2 
= (0. 4098964) + (0. 4651205) + (0. 1249830) 
= 0. 9999999 
c2 + c2 + c2 = (-0. 6047879) 2 + (-0. 1637451) 2 21 22 24 
+ (-0.7793710) 2 
= (0. 3657684) + (0. 0268125) + (0. 6074192) 
= 1.0000001 




+ c�2 + c�4 = (-0. 3349142)
2 + (-0. 5040174) 2 
+ (0. 3657852) 2 
= (0. 1121675) + (0. 2540 335) + (0. 1337988) 
= 0.4999999 
�3 




= ± J0. 5000001 
C
43 
= ±_ J0. 5000001 
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In order for �3 to be orthogonal to the other molecular orbitals, 
c33 and c43 must have opposite signs. Chasing c33 to be negative 
gives 
c33 = -0.7071069 and c34 = 0.7071069. 
124 
The energies are not changed if all of the signs of the coef­
ficients are changed. The following molecular orbitals are obtained 
if this is  done. 
'!'1 = 0.6402315¢1 + 0.604787�2 
+ 0. 3349142¢ 3 + 0. 3 349142¢ 4 
'!'4 = -0. 3535294¢1 + 0.7793710¢2 - 0. 3657852¢3 - 0. 3657852¢4 
Electron densities were calculated using the equation 
where nr is the number of electrons in the rth molecular orbita1.lOO 
q
1 
= 2(0. 6402315) 2 + 2 (-0. 6819974) 2 = 1.75003 37 
q = 2(0. 6047879) 2 + 2 (0. 1637451) 2 = 0.7851617 
2 
q3 = � = 2(0. 3349142) 2 + 2(0. 5040174)
2 = 0.7324021 
Bond orders were calculated using the formula 
p • .  = }: n c .  c .  l.J r r ir Jr 
where atoms i and j are neighbors.101 
p
1 2  
= 2 (0. 6402815) (0. 6047879) + 2 (-0. 6819974) 
(0.1637451) = 0.5510611 
p
23 = 2 (0 .6047879) (0. 3349142) + 2 (0. 1637451) 
(0.5040174) = 0. 5701649 
